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ABSTRACT 

Military  decision  problems  are  growing  increasingly  more  complex, 
requiring  rigorous  structured  methods  to  be  applied  for  superior 
solutions  and  decisions.  In  many  cases  the  military  decision-maker  is 
faced  with  a  set  of  alternatives  from  which  he  must  choose.  Rational 
and  consistant  judgement  can  only  be  made  by  attempting  to  maximize 
the  military  value  or  utility  of  his  decision.  The  decision-making 
process  f  ~  ->-* — along  with  a  structured  approach  to  military 
decision-making  by  economic  analysis  and  the  application  of  mathematical 
techniques.  Some  basic  elements  of  measurement  theory  and  utility 
theory  are  dealt  with  because  of  their  importance  to  military  worth 
scales  and  military  worth  measurement.  The  military  worth  concept  is 
developed  and  commented  on.  The  use  of  psychometric  techniques  of 
introspection  and  behaviorism  and  the  use  of  game  theory  are  examined 
as  possible  methods  in  developing  measures  of  military  worth.  The 
application  of  military  worth  techniques  to  some  general  decision¬ 
making  problems  and  to  some  specific  logistical  decision-making  prob¬ 
lems  is  discussed.  Finally,  a  most  important  step  forward  in  the 
measurement  of  military  value  through  readiness  indicies  is  reviewed. 
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1.  i  URPOSE 

The  Military  decision-maker,  whose  attitudes  or  behavior  satisfy 
certain  consistency  requirements,  is  faced  *dth  the  problems  of  choos- 
Inc  from  a  -set  of  alternatives,  each  associated  with  a  particular  cost 
and  effectiveness.  Rational  and  consistent  judgement  can  best  be  made 
by  maximising  the  military  value  or  utility  of  this  decision.  If  prob¬ 
abilities  are  introduced  into  the  decision,  then  the  problem  becomes 
one  of  raxlinizing  expected  military  value.  The  determination  of  that 
feasible  alternative  which  provides  the  maximum  military  worth,  value 
or  utility  (preferred  or  most  satisfying)  requires  the  use  of  military 
worth  scales. 

It  is  the  purpose  of  this  paper  to  briefly  examing  the  decision- 
making  process  and  some  associated  problems,  to  show  the  importance  of 
using  structured  decision-making  techniques,  to  discuss  some  basic  con¬ 
cepts  in  measurement  theory  and  utility  theory,  to  explore  the  proce¬ 
dures  and  methcc?s  for  deriving  military  worth  measures,  to  discuss  the 
application  of  the  military  worth  measures  in  decision  problems,  and 
finally  to  briefly  survey  some  general  and  specific  military  decision 
problems  which  may  profitably  use  military  worth  measurements. 

II.  IMPORTANCE  OF  CORRECT  MILITARY  DECISIONS 

The  importance  of  making  correct  military  decisions  can- not  be 
overemphasized.  Livingston  ha3  stated  that  in  order  to  catch  up  with 
the  Soviets  today,  to  be  ahead  of  them  tomorrow,  wa.  need  better  decision 
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.•.-bfcsKg,  in  wcuecns  dcvoxcpment.  '  Incorrect  or  poorly  trade  decisions  caxf 
“•oa"  to  imbalances  between  opposing  forces.  Too  gr.  ,t  an  imbalance  could 
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ill.  MATURE  CF  THE  MILITARY  DECISION  FROBLEM 

Added  to  the  growing  and  changing  nature  of  the  threat  from  the 

* 

Joe/m-nst  nations  are  a  myriad  of  problems  requiring  analysis  and  de¬ 
cisions  by  the  military  decision-maker.  These  decisions  are  made  even 
more  difficult  by  the  growing  economic,  political,  social  and  techno¬ 
logical  complexities  of  the  world  today,  which  introduce  an  almost  un¬ 
limited  number  of  variables  into  an  already  complicated  problem.  The 
consideration  of  all  these  variables  and  the  weighing  of  their  signif¬ 
icance  on  the  problem  at  hand  in  arriving  at  a  decision  is  beyond  the 
ability  of  the  human  mind.  These  problems  must  be  reduced  to  a  manage¬ 
able  proportions  and  feasible  courses  of  action  found.  Only  by  attacking 

and  solving  a  variety  of  individual  problems  can  we  hope  to  discern  the 

2 

general  patterns  to  the  solutions  that  we  hope  exist. 

IV.  CLASSES  OF  MILITARY  DECISIONS 
Military  decisions  may  be  classified  by  kind  as  well  as  by  level. 
Hitch  and  McKean  have  found  it  useful  to  distinguish  the  following  as 
three  basis  classes  of  military  decisions:  operations  decisions,  pro¬ 
curement  or  force  composition  decisions,  and  research  and  development 
decisions.-^  Operations  decisions  may  be  further  classified  as  strategic, 

"j.S.  Livingston,  “Decision  Making  in  V.’eapons  Systems,  "Harvard 
Business  Review.,  Vol.  36  (1956),  p.  127* 

^0.  Korgenstem,  TheQuestion* of  National  Defense  (New  York:  Random 
House,  1959),  p»  163 • 

3 

C.J,  Hitch  and  R.N.  KcKear,  The  Economics  of  Defense  in  the  Nuclear 
Age  (Cambridge:  Harvard  University  Fress,  1963),p.l31. 
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tactical,  and/or  logistical  decisions.  Strategic  decisions  are  deci¬ 
sions  concerning  long  range,  broad,  overall  planning  and 

execution,  and  basic  disposition  of  the  resources  made  available  to  the 
military,  tactical  decisions  are  decisions  concerning  best  courses  of 
action  and  the  manner  of  utilising  resources  which  have  been  committed 
to  a  particular  activity  when  in  direct  enemy  contact  or  in  immediate 
operational  support.  While  each  of  the  above  classes  of  decisions  in¬ 
volves  different  considerations  in  their  use.  the  basic  structure  of 
the  decision  problem  is  common  to  all. 

In  addition  to  the  action  type  decisions  described  above,  other 
types  of  decisions  include  decisions  of  understanding,  of  recognition, 
and  of  enterprise.  These  decisions  are  concerned  with  constructive, 
purposive,  or  creative  aspects  of  human  behavior.  All  are  interrelated 
The  quality  of  decisions  effects  the  quality  of  the  organization,  the 
degree  of  human  satisfaction,  and  the  effectiveness  of  the  organization 
-In  this  review  we  shall  concern  overselves  only  with  the  decisions  of 
action. 

¥.  BASIC  STRUCTURE  OF  THE  DECISION  PROBI£H 

The  basic  structure  of  the  decision  problem  can  be  divided  into 

nine  fundamental  concepts  or  parts:  sizing-up  situations,  formulating 

policies,  discovering  opportunities,  assessing  risks,  planning  programs 

of  action,  organizing  administrative  personnel,  putting  plans  into 

action,  controlling  parts  of  and  all  of  vital  situations,  or  keeping 

informed,  and  finally  following  up  and  reappraising  previous  thinking 

4 

and  actions  in  the  light  of  unfolding  events.  Essentially  it  may  be 

^G,A.  Saith  and  C,R.  Christensen,  Policy  Formulation  and  Admini¬ 
stration  (Hctaewoods  Richard  D.  Irwin,  19o2),  p.  XfHI. 


thougltof  as  the  process  of  translating  thoughts  into  action. 

VI.  DEC XL IGMS  OF  ACTION 
Major  Decision-Making  Grouca 

The  three  major  decision-making  groups.  Business,  Folitical  and 
Military,  are  all  faced  with  action  type  decisions.  ,  The  business 
entrepreneur  is  blessed  with  the  market  and  pricing  system,  which  in¬ 
corporates  a  vast  amount  of  information,  free,  that  he  needs  to  know 
in  order  to  operate  with  in  the  complex  world  of  today.  Vith  the  help 
of  this  system,  a  business  entrepreneur  in  a  free  enterprise  system  can 
compare  expected  costs  with  expected  sales  and  profits  when  he  has  to 
decide  which  allocation  of  his  scarce  resources  is  better  than  another. 
All  are  expressed  in  dollars,  or  in  other  words  by  numbers .  The  mili¬ 
tary  decision  maker  is  not  so  fortunate  as  to  have  such  a  market  system 
at  his  disposal. 

Subjective  Military  Evaluations 

Many  of  the  action  decisions  in  the  military  are  determined  mainly 
by  subjective  military  evaluations.  In  a  great  many  cases  these  eval¬ 
uations  are  made  on  intuitive  judgements  based  on  the  intelligence, 
experience,  imagination,  foresight,  vision  and  feelings  cf  the  individ¬ 
ual  decision  maker.  Generally,  this  consists  of  judgements  that  are 
neither  definable  nor  rigorous,  made  by  military  personnel,  often  using 
procedures  that  are  variable.  Brock  states  that, 

this  does  not  imply  that  evaluation  methods  are  without 
valu».  However,  such  procedures  require  systematisation 
and  substantiation  through  investigations  of  measurable 
quantities  that  can  either  support,  extend  or  contradict 
these  evaluations. 5 

Brock,  et  al«  "Techniques  for  Evaluating  Military  Organisations 
and  their  Equipment,"  Naval  Research  Logisf.ics  Quarterly.  Vol.  ?  (1962), 
212. 

*  >  i 
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lihile  those  intuitive  judgements  have  in  many  cases  proved  highly 
successful,  it  is  necessary  to  supplement  intuition  and  judgement  be¬ 
cause  of  growth  problems,  difficult  to  resolve  critical  factors,  inter¬ 
relationships,  the  numerous  courses  of  actions  possible,  and  the  diffi¬ 
culty  of  evaluating  outcomes  in  an  unsystematic  manner* 


The  problem  is  further  complicated  by  the  element  of  time*  Since 
the  enemy  is  making  his  plans,  provisions  oust  be  made  in  one*  a  cwu 
plans  for  flexibility  that  will  permit  timely  change  to  meet  not  only 
the  enemies  changing  plana,  but  the  clanging  enviroaont  as  well}  and 
all  this  without  compromising  the  organization's  objectives.  The  mili¬ 
tary  is  faced  with  the  problem  of  developing’ adequate  decision  making 
techniques  to  bridge  the  gap  between  the  present  and  the  very  uncertain 
future* 


'  “  *  -r  “”4,  ’ 
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The  most  difficult  part  of  decision  caking  is  dealing  with  the 

future.  If  we  were  able  to  foresee  the  future  with  certainty  then  a 

great  deal  of  the  difficulty  would  be  removed  from  decision-making. 

Korgenstem  states  that  the  military'  is  concerned  with  the  problem  of 

decision-making  under  uncertainty,  where  the  uncertainty  is  not  of  the 

simple,  well-understood  kind  to  balleilt  with~by-~ -Ability  theory, 

but  is  of  the  highly  complex  nature  arising  from  the  strategic  moves  of 

s  6 

.the  opponent,  who  labors  under  the  same  difficulty. 

The  decision-maker  must  understand  the  nature  of  the  uncertainties 

facing  Ida  and  bcw  to  deal  with  them  in  order  to  improve  his  decisions. 

*-  *  • 

%crgenstern,  0£.  cit.,  p,  2hU* 


Uncertainties  are  introduced  by  human  behavior,  changes  in  environment, 
and  actions  and  reactions  of  the  enemy.  Enthoven  describes  these  un¬ 
certainties  as  operational  factors,  time  and  cost  to  develop  weapons 
systems,  enemy  behavior,  his  weapon  systems  and  forces,  the  behavior  of 
other  countries,  and  conceptual  uncertainties.^  To  this  growing  list  of 
uncertainties  could  be  added  technological  uncertainty,  uncertainty  of 
planning  factors,  uncertainty  about  strategic  context,  and  finally 
statistical  uncertainty  (chance  element  in  recurring  ev£hts)« 

Efforts  in  dealing  with  uncertainty  have  been  made  Tty  deteraing 
past  frequency  patterns  and  then  projecting  them  into  the  future,  as  a 
probability  of  re-occurrence »  .  Ia  most  cases  facing  the  military  decision- 

l 

maker,  the  uncertainties  are  not  merely  statistical,  where  the  fluctua¬ 
tions  arc  the  process  of  a  known  probability  distribution,  but  are 
largely  stochastic,  or  not  well,  understood.  Other  decision-makers  fora 
in  their  mind  a  subjective  probability  or  degree  of  belief  regarding  an 
expectation.  That  is  to  sly  they  make  an  intuitive  judgment. 

VIII.  NEED  FOR  A  STRUCTURED  APPROACH  10  MILITARY  DECISION  5R0BIEKS 
CXear2y,  it  can  be  seen'  from  the  foregoing  that  if  order  and  mean¬ 
ing  is  going  to  be  given  to  the  complex  military  decision  problem,  a 
systematized  approach,  tailored  to  the  needs  of  the  military,  must  be 
developed.  Korgenstem  stresses  the  need  for  such  an  approach  in  the 


7 

A.C.  Enthcrven,  "Economic  Analysis  in  the  Department  of  Defense” 
(Address  before  the  American  Economic  Association  at  Pittsburgh,. 
Pennsylvania,  29  December  1962),  p.  14.  (Eiraograpbqd), 


following  statement; 


..e  do  need  guidance.  It  can  come  only  from  combining 
experience  with  a  highly  developed,  proven  system  of 
thought.  Loose  thinking  ia  seldom  permissible.  It  should 
be  avoided  like  the  plague  in  the  discussion  of  cur 
strategic  military  problems  since  the  answers  we  need 
affect  our  survival,  individually  and  as  a  nation.8 

The  method  or  methods  selected  should  clearly  and  simply  set  fortV.the 
values,  effectiveness  and  costs  involved  in  a  proposed  set  of  alter¬ 
native  courses  of  future  actions. 


IX.  A  STRUCTURED  APPROACH  TO  MILITARY  DECISIONS:  AN  ECCfcGMIC  APPROACH. 
Essentially  Economic  Probleas 

A  structured  approach  to  problem  solving  and  deeisipn-caking, 
which  has  found  considerable  application  in  the  military  in  recent 
years,  has  been  developed  by  Hitch  and  McKean.^  They  have  stated  that 
National  Defense  Problems,  while  eventually  requiring  a  human  value 
judgement,  are  essentially  economic  problems  of  allocation  of  scarce 
resources  among  various  alternatives  to  -•Accomplish  a  3tated  objective 
or  mission.*®  Mission  ingjlies  the  selection  by  an  authority  of  an  ob¬ 
jective,  usually  well  defined  and  which  must  be. reached  within  a  certain 
t.me  period*  through  a  chain  of  operations  to  be  chosen  and  performed  by 
the  agents  in  charge  of  the  mission  and  responsible  for  it3  successful 
conclusion,  in  spite  of  eventual  difficulties  and  obstacles  which  can  not 
be  well  defined  at  the  beginning  of  the  operations.  Because  Rational 


o 

Hitch,  op.  eft.,  p.  3* 
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I  Defense  Froble&s  are  essentially  econcfiiic  probleiss  they  can  be  striae— 

i 

|  tured  by  the  use  of  the  economic  analysis  techniques.  Economic  analysis, 
|  whet  Iter  quantitative  or  qualitative,  will  usually  attempt  to  determine 

the  utility  of  alternative  systems  by  examlng  the  effect  cn  military 

>***  « 

capabilities,  whenever  these  occur. 


|  A  second  reason  why  Hitch  and  KcXean  reccanended  the  economic 

I 

,  .  analysis  approach  was  because  within  government  there  is  neither  a  price 

* 

■  mechanism  which  point  the  way  to  greater  efficiency^  n< r  competitive 

forces  which  indues  government  units  to  carry  out  each  function  at  mini- 
‘  12 

mum  cost.  Hconosy  and  efficiency  are  two  ways  of  looking  at  the  same 
characteristics  of  an  operation.  Given  a  fixed  budget  or  other  fixed 
resources,  management  maximizes  attainment  of  an  objective  or  maximum 
production  by  using  or  combining  the  resources  in  an  efficient  or  optimal 
manner.  On  the  other  hand,  if  the  objective  is  fixed,  management  must 
economize  on  the  use  of  resources  so  that  costs  are  minimised. 

_  It  must  be  realized  that  economising  does  not  mean  scrimping,  for 

i  ,  ‘  -  )  the  more  expensive  item  initially  may  well  be  in  the  long  run,  with  all 

’y"  i  • 

other  factors  considered,  the  most  economical.  Economising  does  mean 
a  .  !  .  "~AZMd,  p.132. 

~ .  '  -  ‘‘‘  ?  ■  nr«rrvr.  « 

-  \ 

:  \  "^bid.,  p,  107.  Hitch  and  McKean  also  stated  that  efficiency 

§|||g% 1 \ '  \  I  would  be  isprovsd  by  improved  institutional  arragneoent  and  increased 
recognition  and  fevsraness  that  military  decisions  are  in  one  of  their 
gpi§i£%  k_  ■  k  important  aspects  economic  decisions.  They  go  on  to  state  that  unless 
1  the  right  questisns  are  asked,  the  appropriate  alternatives  selected 
llllpUV'  |  for  casparisca,  sod  an  economic  criterion  used  for  choosing  the  most 

jgp|§p*;-:7-: 4  I  efficient,  silitzry  power  and  national  security  will  suffer.  It  must 

tMmt  '  ;  I  however  be  remembered  that  economies  is  only  cne  aspect  of  the  military 

^psjr-;-> '  -4  decision,  they'  are  also  th»  adlitsry,  political,  social  and  sorfcl 

^  aspects  to  be  considered, 
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the  combining  or  mixing  of  fixed  scarce  resources  at  least  cost  to 
achieve  effectively  &  stated  objective.  Hitch  and  HcKean  have  stated 
that  the  essential  thing  is  the  caparison  of  all  the  relevant  alter¬ 
natives  from  the  point  of  view  of  ifcs  objectives  each  can  accomplish 
and  the  costs  which  each  involves $  and  the  selection  of  the  best  {or  a 
"good")  alternative  through  the  use  of  appropriate  criteria.^ 

Sletaentg  of  the  Sconoeglc  Analysis  Approach 

The  essential  elements  of  a  military  problem  of  economic  choice/ 

i 

whether  its  solution  requires  advanced  mathematics,  high  speed  coeluting 
equipment,  or  just  straight  hard  thinking,  are  the  following;  an  ob¬ 
jective  or  objectives,  alternatives,  costs  of  resources,  a  model  or 

14 

models,  a  criterion  or  criteria,  and  &  value  judgment.  Added  to  these 
elements  should  be  recognition  of  the  true  nature  of  problem  or  problems 
facing  the  military  decision  make?. 

Recognition  of  the  Problem 

Consciousness  of  a  problem-provoking  situation  and  recognition 
of  the  problem  ia  the  first  step  in  the  decision-making  process.  Cnee 
the  military  decision-maker  recognises  the  existence  of  a  problem  he 
must  take  the  following  steps:  gather  information,  assess  the  signif¬ 
icance  of  what  he  learns,  sort  the  important  'rom  the  unimportant, 

trace  symptom*  back  to  basic  causes,  and  select  out  the  main  thing  or 

15 

things  toward  which  he  is  to  devote  sore  intensive  attention. 

^bid,  p.  118.  This  statement  should  be  amended  to  eay  "the 
■appropriate  economic  and  military  criteria."  Certainly  any  adequate 
military  decision  requires  the  evaluation  of  the  military  worth  of  the 
alternatives* 

^Ibid.,  p.  218-120. 

•a 

^sadthp  0£*  ejt.g  p.  23F3U* 


!y  this  procedure  he  should  be  able  to  clearly  define  the  right  prcblee 
and  the  critical  factors  causing  the  problem. 

Several  difficulties  arise  in  defining  the  problem.  These  are 
selecting  the  context  of  the  problem  and  making  the  necessary  assump¬ 
tions.  V'itfe  many  variables  impinging  on  the  problem,  it  is  necessary 
to  determine  those  that  art  critical  and  make  certain  assumptions  about 
the  balance  of  the  factors.  Also,  if  a  quantitative  solution  is  sought, 
further  complications’  may  be  introduced  because  some  of  the  critical 
factors  are  unmeasurable,  requiring  additional  assumptions  to  be  made. 

A  word  cf  caution  here  is  that  the  military  decicion-aaker-  must  shun 
reasoning  based  on  untested  and  unquestioned  assumptions  that  become 


self-deceptive . 

The  military,  decision  problem  mist  be  considered  in  its  proper 
scope.  Treating  broad  high  level  problems  by  economic  analysis  may  not 
be  adequate,  since  xe  are  no  longer  analyzing  a  problem  with  a  given 
and  definite  context  *r.d  with  specific  equipment.  There  may  not  be 
clearly  defined  objectives.  Instead,  we  are  trying  to  design,  not 
analyse,  a  system  that  will  operate  satis  :actcrily,  in  some  sense, 
under  a  variety  of  ecntigeacies  that  may  arise  in  a  future  that  is  seen 
•only  disly.  At  the  lower  levels  we  have  the  problem  of  choosing  the  con¬ 
text  and  the  elements  that  will  be  permitted  to  vary  in  the  systems  cam¬ 
pled.  Hitch  and  McKean  make  this  statement  concerning  the  contextual 

problem: 

Ths  broader  the  context  the  less  the  danger  from  inconsistent 
criteria  and  the  less  likely  it  is  that  significant  spillover 
effects  will  be  sdssed.  But  breadth  of  context  and  ^  in¬ 
crease  in  the  number  of  variables  have  to  be  purchased  by 
drastically  increasing  the  complexity  of  the  analysis,  which  _ 
this  implies  in  terms  of  research  manpower,  expense  &r.d  time, 

i%itch,  og.  cit.,  p.  .12?* 


10 


Spillovers  cay" be  defined  as  the  effects  (favorable  or  unfavorable)  on 
other  entities  outside  the  context  of  the  problem  by  some  of  the  con¬ 
sequences  of  the  solution  to  the  problem. 


Objectives 


HcDcnald  has  described  a  decision  as  a  choice  of  alternative  a? ans 
by  which  tc  cove  toward  an  objective,^  The  objective  may  be  a  single 
goal  or  a  combination  of  several  objectives,  which  may  be  in  conflict. 

It  is  the  specification  of  purpose  and  goals  of  men  working  cooperatively 
within  the  frame  work  of  some  type  of  organisation  and  the  actions  taken 
to  achieve  these  goals  which  is  so  important  to  the  foundation  of  the 
problem.  These  goals  or  objectives  must  be  clearly  defined  and  they 
must  he  understandable  and  explainable.  This  includes  setting  both 
long-range  and  short-range  objectives. 

Objectives  are  not  static.  The  military  leader  changes  character 
cf  the  organization  by  changes  or  constant  adjustment  of  his  philosophy 
and  objectives  to  a  cha aging  environment.  It  certainly  say  be  said 
that  the  ultimate  objective  of  the  military  is  victory  in  war. 
Alternative* 

Alternatives  can  be  looked  at  from  two  aspects.  There  are  alter¬ 
native  ways  of  mixing  inputs  which  yeild  alternative  outputs.  Technology 
defines  the  possible  input  alternatives.  Technology  can  be  thought  of 
a*  the  physical  things  which  are  involved  in  converting  an  input  into  an 
"output  of  an  activity.  The  rate  of  technological  growth  and  the  current 
state  of  the  art  are  essential  factors  in  National  Defense  and  therefore 
to  the  military  decisien-aaker.  This  is  true  because  technology  defined 


^McDonald,  Fortune  (August  1^55),  f  3« 


country  and  countering  unsay  actions* 

Faced  with  the  choice  between  alternative  outputs,  the  military 
decision-maker  mur-t  predict-  what  his  opponent  or  opponents  will  do  and 
what  effective  actions  he  can  take  based  on  an  evaluation  of  information 
concerning  possible  actions  of  the  enen y.  The  decision-maker  will  have 
to  evaluate  the  -.isk  of  his  alternatives  in  the  light  of  the  intelligence 
he  has  on  enemy  actions.  Time,  temper* inent  and  circumstances  may  effect 
the  rationality  of  the  decision. 

The  economic  problem  is  to  choose  that  input  alternative  which  is 
most  efficient  (maximises  the  attainment  of  the  objective  with  the 
given  resources)  or  economical  (minimizes  the  cost  of  achieving  the 
given  objective).18  The  most  efficient  input  alternative  is  also  the 

r;oPt  economical. 

The  problem  facing  the  decision-maker  is:  given  a  set  of  resource 
constraints,  how  shall  they  be  mixed  to  give  what  alternative  outputs? 
The  amount  of  the  resources  is  controlled  by  their  cost  and  availability 
and  by  the  funds  allocated  for  the  purpose  to  which  they  shall  be  used. 
The  state  of  the  art  tells  what  alternative  outputs  can  be  macs  avail¬ 
able.  The  better  the  state  of  the  art  the  greater  flexibility  and 
options  available.  The  outputs  cay  be  infeasible,  feasible,  economic, 
or  optimal  solutions.  The  optimal  or  near  optimal  is  the  desired  so¬ 
lution  Keeping  in  mind  that  if  the  decision-making  process  l  ecomes  too 
involved  and  time  consuming  because  the  one  optimal  is  sought,  then  the 

1%itch,  op.  cit.,  p.  3* 
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decision-maker  may  have  to  settle  for  less.  The  solution  selected, 
however,  should  have  cost,  benefits,  and  risks  balanced  and  bring  about  ' 
greater  assurance  of  both  short  and  long  range  health  of  the  organisa¬ 
tion.  It  certainly  should  pass  the  test:  is  it  ‘’better*5  than  the 
other  alternatives ® 

*'  .  *  t 

A  principle  problem  in  the  selection  of  an  optical  solution  is 
j  19 

sub-optimizing.  Sub-optimising  is  the  problem  of  optimising  at  lower 

:  -  Z.  ’  .  -  -  * 

levels  which  when  put  together  assy  not  be  the  optical  solution  of  tbs 
whole.  In  dealing  with  lower  level  problems  the  overall  problea  and 
objectives  mush  be  ket^in  mind,  as  partial  optimization  may  bf  inadequate 

t 

Sub-optimizing  at  lowest  levels  assumes  decisions  given  at  higher  end 

%-  j 

collateral  levels*  Hitch  add  McKean  caution  that  while  analysis  appears 
to  beecs»  r/ore  manageable  as  we  cove  to  lower  levels,  limiting  the  con¬ 
text,  ind  restricting  the  scope  within  which  systems  vary,  has  the  ten¬ 
dency  to  cause  the  inter-related  problems  to  bee  cane  acre  formidable  th* 

-  -  ’  ■  '21 

further  wc  neve  in  this  direction. 

A  Model  or  Kodcls 


Models  are  abstract  representation  of  reality  which  help  us  to 

^KcCeskey  described  in  Q£J  »  P*  170,  the  impossible  task  of  full 
optimization  as  requiring:  (1)  simultaneous  consideration  of  all  possible 
allocations  of  one*  a  resources,  that  is,  all  possible  alternatives  and 
all  possible  allocations  among  those  alternatives,  (2)  consideration  of 
the  ^bbicl^-  .impacts  of  all  exogenous  events  (i.ec,  those  not  under  the 
optimizer's  ccntro^ and  (3)  the  maximisation,  subject  to  certain  initial 
constraints,  of  the  utility  function  of  the  optisiser* 

20  "  - 1  ’’  1 

Brooks  gives  an  interesting  discussion  of  sub-optimisation  on 
long-range  planning  decision*  in  £393  * 


sitch,  op.  clt„,  p«  129* 
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perceive  sifjiificani  relations  in  the  real  world,  to  manipulate  theta, 
ar.d  thereby  predict  others.  In  no  case  are  useful  models  photographic, 
reproductions  of  reality?  ’  if  they  were  they  would  be  so  complicated  that 
they  would  be  of  no  use  to  us.  The  solution  to  ths  model  will  not  be 
strictly  applicable  in  all  its  quantitative  features;  but  it  will  call 
attention  to  the  chief  qualitative  features  of  the  appropriate  policy, 
the  fora  it  will  take,  and  the  directions  in  which  it  can  be  expected 

V) 

to  vaiy  with  changes  in  the  underlying  parameters.  This  qualitative 
information  can  be  very  useful  in  improving  the  intuition  of  the 
decision-maker,  helping  him  to  organize  his  data  and  his  direct  knowl¬ 
edge,  and  reducing  the  field  of  alternative  policies  to  manageable  pro¬ 
portions. 

Models  may  take  many  forms,  ranging  from  the  physical  model  to  the 

23 

purely  theoretical  and  mathematical.  Generally  models  express  a  set 
of  assumed  empirical  relations  among  a  set  of  variables.  KcCoskey  has 


*®K.  J.  .Arrow,  Social  Choice  and  Individual  Values  (Kew  'forks 
John  V.iley  and  Sons”  1952.) ,  P*  >£* 

^Brooks  states  in  frcQ  ,  p.  163,  the  reason  that  economic  mpdels 
can  not  te  predictive*  in  the  sense  that  physical  models  are*  is  that 
the  fundamental  concepts  entering  into  the  definition  of  the  state  of 
an  economic  system  do  not  obey  Conservation  Laws.  However,  if  economic 
models  can  not  be  dynamic,  their  static  relations,  given  some  def^- 
nition  of  value,  are  always  specific  and  constrained.  The  model  does 
bring  in  explicit?  tha  most  important  constraints  a.fect^ig  the  feasi¬ 
bility  of  the  objectives  being  studied. 
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this  to  say  concerning  models  of  military  conflicts 

Models  of  some  systems  are,  of  course,  extreriiely  difficult  to 
•  construct.  Probably  none  is  more  difficult  to  construct  than 
a  model  of  conflict,  especially  armed  conflicts.  Here  there 
.  is  interaction  within  each  system  and  between  the  two  or  more 
contending  systems.  Armed  conflict  not  only  produces  its  own 
peculiar  tensions,  but  requires  careful  study  of  the  things 
that  are  aggregated  under  the  heading  of'  attrition  and- the 
effects  of  tension  and  of  attrition  are  the  very  things  which 
can  not  be  simulated,  except  approximately,  and  then  only  by 
the  introduction  of  historical  evidence  and  theoretical  calcu¬ 
lations  into  the  analysis  of  the  data  derived  from  the  3isa.- 
lation  of  the  action .*4 


A  criterion  is  the  test  by  which  one  alternative  output  or  system 
is  chaser,  rather  than  another.  The  criterion  or  criteria  selected  may 
take  many  forms.  It  nay  be  a  rule,  or  it  may  be  a  measure  of  some  kind. 
The  criterion  say  fct  factual  or  value  or  both.  The  aim  is  the  selection 
of  an  optimal  solution.  In  nary  cases  application  of  a* criterion  may 
result  in  selection  of  an  efficient  system,  relying  on  the  intuitive 

judgment  of  a  well-informed  decision-maker  to  select  one  of  the  effi- 

.  25 

cient  systems  in  the  neighborhood  of  the  optimum. 

Selection  of  an  appropriate  criterion  is  a  difficult  task.  The 

selection  must  be  appropriate  to  the  level  at  which  the  decision  is 

being  studied.  It  must  be  consistent  with  higher  level  criteria  and 

ultimately  with  the  welfare  of  the  organization  or  group  in  which  the 

decislon-aaker  is  really  interested.  In  developing  criteria  he  is 

trying  to  develop  scales  of  effectiveness. 

One  method  of  expressing  the  criterion  is  through  an  objective 

24j.f.  KsCoskey  and  F.N.  Trefethen,  Operations  Research  For 
Management  ( Baltimore z  The  John  Hopkins  Press,  195 4),  p»  2&3» 
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function.  Generally  the  objective  function  expreraey  the  relationship 
of  the  alternative  outputs  from  the  model.  The  objective  function  is 

a  function  such  that  a  higher  value  derived  from  it  represents  a  more 

\ 

desirable  state  of  affairs  from  the  viewpoint  of  the  organization# 
Ideally,  the  decision-maker  would  like  to  have  computational  methods 
which  lead  to  an  optimal  solution-that  is;  to  the  determination  of  those 

values  of  the  output  alternatives  which  maximize  the  objection  function 

'  26 
subject  to  the  constraints  implied  by  the  model. 

X.  SCIENTIFIC  APPROACH  TO  MILITARY  DECISION  PROBLEMS 
Introduction 

A  second  structured  method  in  handling  decision-making  is  the 
scientific  approach.  A  brief  outline  of  this  approach  is  shown  in 
Appendix  A.  The  scientific  approach  finds  vide  application  in  the 
approach  to  decision  problems  in  the  operational  area.  The  efficient 
and  skilled  use  of  scientific  investigating  techniques  leads  to  new, 
core  critical,  more  refined  investigations.  ’  hen  problems  are  stated 

intuitively,  and  the  methodology  is  largely  heuristic,  the  most  that 

'  27 

can  be  expected  of  results  are  attenuated  statistical  reliabilities. 
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Both  the  scientific  approach  and  the  economic  approach  have  had 
growing  influence  in  nilitaxy  decision  making  procedures  because  of  the 
growing  complexity  of  the  problems  and  because  of  the  growth  of  modem 
tools  and  techniques  of  managerial  analysis  and  decision  making.  Techniques 
have  been  develop^  to  handle  complex  problems  and  to  cope  with  variability 

Arrow,  og.  cit..  p»  i*® 

^Brock,  oj%  cit.,  p.  228* 


2U  l2Ck  Gf'  irif0raaticn*  A  eood  r‘*by  of  the  techniques  have  been 
developed  through  Operations  Research  Groups  with  the  combined  talents 
of  mathematicians,  physical  scientists,  economists,  and  social  scien¬ 
tists.  It  is  useful  to  the  military  decision-maker  to  know  of  the 
existence  of  these  tools  and  their  possible  application.  Some  of  these 
cajor  techniques  are  ‘listed  in  Appendix  B. 

XI.  PRECAUTION  Hf  THE  USE  OF  THE  STRUCTURED  KSTHODS  IK  DECISICK  MAKING 
Caro  must  be  taken  in  the  application  of  both  the  economic  an3  the 

1  *  S*  *  4  *  -  ’ 

scientific  approaches  to  managerial  analysis  and  decision-making,  par¬ 
ticularly  quantising  values.28  Many  important  variables  bearing  on 
the  problem  are  unmeasurable.  This  unmeasurable  data,  which  can  not  or 
is  not  quantified,  may  be  disregarded  as  irrelevant  in  the  application 
of  quantitative  techniques,  when  it  is  essential  to  the  problem  and 
should  be  incorporated  into  the  solution  of  the  problem-  Quantitative 

methods  may  give  the  appearance  of  substituting  the  objective  for  the 

» 

subjective,  but  do  they  measure  the  right  things?  Weinwurra  makes  the 
foilwing  provision  in  the  use  of  quantitative  techniques: 


Another  drawback  is  that  in  quantifying  factors  they  become 
fixed  or  constant  and  disregard  the  terapo.-al  aspect,  where  time  changes 
all  factors.  In  any  group  problems  in  which  a  decision  depends  on  in¬ 
formation  available  and  that,  in  turn,  depends  both  on  the  decisions  of 
other  people  and  when  they  were  cade,  timing  quite  obviously  influences 
the  over-ali  behavior  of  the  group;  i.e.,  the  problem  of  -tniic  vs. 
dynamic  considerations.  An  interesting  discussion  in  this  area  can  be 
found  in  £4^  j  pp.  489— 491* 
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problem  can  be  reduced  to  a  question  of  fact  «*  th^bele- 

•  '  evideree  l*arti*ul*r’  *“***»»  on  the  basis  of  the  available 

evidence.  It  nay  be  accepted  that  there  is  a  proper  field  for 

mkWPiisf ^ i^  ^hS  f  if  ^fic  zelhod  in  awasSial  decision 
^n?f<Xffc  i,l.‘-he  Physical  sciences.  let  its-  scope  and 
'  ®*®JJfleance.  remains  to  be  determined.  There  cannot  be  ary 

T  4  '  the  universal  cnifona  applL- 

abixity  of  the  scientific  method  in  the  field  of  management. 29 

A  mors-  thorough  discussion  of  some  of  the  limitations  of  the  scientific 

approach  to  management  decision  problems  is  given  in  fj>cJ  . 

>21.  ESKEFITS  OF  THE  STRUCTURED  IZTHODS  tt  DECISIOh-KAKISG 
In  spite  of  these  limit at ions,  economic  analysis  ani  scientific 
methods  provide  useful  methods  in  structuring  the  decision-making  process 
for  the  military  manager  and  provide  additional  insight  into  the  problems 
of  decision-making.  Kills  makes  this  statement  of  benefits  of  structured 
methods: 

—  ■ 

As  technical  and  organizational  complexities  in  the  military 
increases,  in  the  future,  the  military  decision. takers  will 
cooes  to  lean  more  on  such  tecLiques.  \hile  no  decision 
mechanism  can  be  devised  that  will  completely  escape  the  batic 
uncertainties- and  complexities  that  plague  large  problems  of 
decision,  yet  a  formal  analytic  system  that  will  encompass 
•  many  alternatives,  and  blond  the  contributions  of  many  scien¬ 
tific  disciplines.  Is  steadily  being  improved. 3Q 

In  so  doing,  it  is  hoped  that  more  rational  and,  cpnsistar.t  judgments 

•  r, 

will  be  promoted.  However  this  is  only  an  aid  dnd  not  a  substitute  for 
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'£»H,  "einvuza,  "Limitations  of  the  Scientific  hethod  in  Kanagement 
Science,3  Kanareagni  Science  Vol.  3  (1957),  p.  229. 

^.F.  Kills,  "Looking  for  Something?",  newsletter  (December  I960), 
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CO-  ion  sense  and  sound  judgment .  In  any  event  the  military  decision 
maker  must  continue  to  examine  ways  of  improving  his  choice  of  pay-offs, 
his  criteria  for  judging  the  relative  merits  of  alternative  future 
weapons  systems  that  might  be  developed,  and  the  balance  of  military 
forces  that  mighp  be  procured.^1 

* 

XIII.  EVALUATION  AND  CCMF ARISON  OF  ALTERNATIVES 
Need  For  A  Suitable  Measure 

Probably  the  most  difficult  aspects  of  the  decision-making  process 
is  the  development  of  a  suitable  measurement  or  criterion  of  evaluating 
the  various  alternatives  that  are  available  or  developed  for  comparison. 
Measurement  is  the  key  to  success.  There  is  a  need  for  relating  the 
alternatives  to  the  objectives  that  the  decision  maker  wishes  to  maxi¬ 
mize.  Criteria  are  the  practical  counterparts  cf,  or  substitutes  for, 
the  functions  which  one  would  like  to  maximise  in  choosing  among  alter¬ 
native  courses  of  action.  Criteria  that  can  be  used  in  actual  problems 
are  usually  not  the  function  whese  maximization  is  desired;  rather,  they 
are  approximate  indicators  of  this  function,. 

The  calculation  for  quantitative  solutions  based  on  the  wrong 
criteria  is  equivalent  to  providing  answers  to  the  wrong  questions. 
Unless  adequate  methods  of  evaluating  criteria  and  choosing  good  ones 
are  developed,  quantitative  methods  nay  prove  more  than  useless.  One 
cf  the  main  reasons  that  criteria  selections  are  difficult  is  the  fact 
that  the  decision-maker  always  deals  with  incomplete  optimization  and 
sub-optimization. 

32D.  Brooks,  “Choice  of  Fay-Offs  for  Military  Operations  of  the 
Future",  Operations  Research,.  Vol.  S.  (19b0),  p.  160, 
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As  a  partial  answer  to  the  criterion  problem,  Hitch  and  KcKc&n 
cake  the  following  statements 

Military  choice  can  be  a  very  subtle  and  complex  natter.  At 
,  its  heart  one  generally  finds  crucial  issues  of  criterion 
selection,  values  and  intangibles,  and  of  risk  and  uncertainty 
about  nature,  technology,  and  enemy  reactions.  No  sinple  forael 
model  of  choice  is  likely  to  be  sufficient  for  a  satisfactory 
analysis  of  most  real  military  problems .  But  it  is  often  en¬ 
lightening  to  formulate  parts  of  the  problems  of  choice  in 
economic  terns,  that  is,  in  terms  of  discovering  the  most 
effective  uses  of  limited  resources  .3^ 

In  economic  consumer  theory  under  a  free  enterprise  market  system  the 
individual  consumer  achieves  the  most  effective  use  of  his  United  re¬ 
sources  if  he  maximises  his  subjective  economic  utility  or  satisfaction* 
The  value  or  utility  of  the  alternatives  available  to  him  are  expressed 
in  the  prices  and  quantities  of  various  goods  which  he  is  willing  to 
buy  with  his  fixed  Sneoae.  The  business  entrepreneur  values  various 
alternatives  by  the  amount  of  profits  they  will  return  to  the  firm. 

Ke  wishes  to  maximize  profits.  Thus  in  the  business  world  the  common 
denominator  is  profit  measured  in  dollars.  t 


The  military  has  no  such  conveniently  expressed,  coason  denominator. 
He  can  evaluat-  'he  cost  ani  tbs' quality  of  various  alternatives,  but 
he  needs  a  col.  a  measure  or  value  to  relate  the  military  value  of 

9 

various  alternatives  to  the  stated  objectives.  In  years  past  little 
effort  was  made  to  quantify  military  worth,  but  developments  in  utility 
and  probability  theory,  improvement  of  measurement  techniques  and  de¬ 
velopment  in  mathematical  formulations  have  given  added  ergpbasis  to  tbs 

^Hitch,  jgit.j,  ?•  ; 
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■  p03Sible  qUantification  of  subjective  data,  *y  questioning  and  lighting 
•  answers  it  is  possible  to  develop  non-quantitative  attitudes  into  quant¬ 

itative  data  and  thus  sake  it  suitable  for  mathematical  representation. 

...  quantification  of  military  worth  measures,  along  with  the 

.  •  quantification  of  cost-  and  quality,  can  promote  rational  and  consistent 
judgments.  Using  these  values  in  conjunction  with  improved  electronic 
data  processing  equipment  and  progressing  techniques  it  is  possible  to 
compute  the  consequences  of  thousands  of  alternatives.  The  result 
is  the  selection  of  better  alternatives. 

Succeeding  chapters  will  discuss  some  basic  measurement  techniques 
and  a  brief  review  of  utility  theory.  lath  this  as  a  background  w* 

*.  shall  see  how  military  worth  scales  can  be  developed  arid  hew  military 

worth  measured  by  these  scales.  Finally,  we  shall  discuss  soae  general 
and  specific  applications  of  military  worth  measures  to  in^roving  mili¬ 
tary  decision  making. 

* 

C 
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CHAPTER  H 
HSASUaSKEN?  SCALES 


,  scats  vmsa 

If  we  are  going  to  measure  military  worth,  values  or  utilities,  * 
scale  must  be  devised  to  represent  these  values  so  that  various  e ca¬ 
parisons  and  mathematical  manipulations  can  be  made  vdth  these  value*# 
Scales  may  be  considered  by  the  properties  necessary  for  their  existence 
and  by  the  procedures  required  to  construct  them.  Measurement  scales 
cay  be  selected  by  comparing  the  analytical  potential  of  a  scale  with 
the  analytical  demand  to  be  made  upon  it.  Two  general  aspects  of 
scales  as*y  be  examined  to  determine  their  analytical  potential.  First 
is  the  operational  character  of  scale  values.  Second  is  the  descriptive 
power  or  information  provided  by  the  scale  value# 

DETERMINATION  OF  THE  ANALYTICAL  FCTSiTlAl  OF  SCALES 

These  two  aspects  of  detencing  the  analytical  potential  of  scale 
values  require  further  explanation.  Operational  character  of  scale 
values  is  the  ability  to  manipulate  the  values  of  the  scale  by  addition 
or  subtraction  and  to  .obtain  the  value  of  a  group  of  values.  This  ability 
to  use  scale  values  in  the'  generation  of  ether  scale  values  is  very  useful 
and  a  much  desired  characteristic  of  a  scale.  The  descriptive  power  of 
the  scale  provides  information  about  any  individual  entity  in  reaction  to 

her  a  comprehensive  study -on  ssasuremeni  and  consumer  utility  see 

g°3.  • 

Z>  u  V  i  Of  tb*  niili.tr  r.oncazt  in  .Economics,  Report 
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another.  The  information  provided  by  the  scale  in  indicated  by  the 

peraissable  transformation  which  may  be  performed  upon  a  scale  without 

.  #-  • 

altering  the  meaning  of  the  scale  value.  By  this  is  meant  the  ability 

*  3 

of  the  scale  to  provide  a  ranking  of  the  differences  between  entities. 

KEASURBEST 

Keasuresenfc  is  an  abstraction  with  regard  to  some  attribute  or 
characteristic  of  an  entity  which  may  be  called  a  dimension.  The  set 
of  entities  to  be  measured  mast  be  identified  by  some  unaabigicus  rule. 
The  process  of  abstration  is  customarily,  although  not  always,  the 
ascribing  of  numbers  to  the  entities  and  interpretation  of  the  proper-* 
ites  of  the  numbers  as  properties  of  the  entities.  The  general  sin  of 
measurement  is  to  map  a  set  of  entities  on  the  real  numbers  scale  in 
such  a  way  that,  to  the  greatest  possible  extend,  conclusions  concern¬ 
ing  the  relations  between  elements  of  the  set  of  entities  can  be  drawn 

frm  corresponding  relations  between  their  assigned  numbers.  The  abil- 

—  ^  . 

ity  of  numerical  properties  to  represent  real  properties  is  called 
isomorphism  between  the  numbers  and  entities. 

I5CKCBFHISH 

Isomorphism  is  the  similarity  or  likeness  between  numbers  and 
entities.  Isomorphics  is  basic  to  the  theoretical  formulation  possi¬ 
bilities  of  scales.  The  graduation  qualities  of  the  scale  is  a  problem 
of  accuracy.  The  likeness  between  numbers  and  entities  is  developed  by 
the  statement  of  formal  axiomatic  structures  describing  the  nature  of 
this  relationship.  Some  applicable  «tea  are  bisymetiy,  continuity. 


%btd.,  p.  4. 


r 


- 


f. 


-•  '  <J.JS 


-  .  frMi 


•i  fe# 


t;  -: -Jkf 

-•*.  -  f.i 

,.yt--0-:  -=  S'.'S  . 


-’*?§§5 

■•'•feSPS 
•  -‘f$NES 


IfiPB 


existence,  and  monotonicity  which  express  the  relationships  of  syne  try, 
consistency,  independence,  and  intransitivity. ^  In©  degree. of  isomorphism 
that  exists  between  the  entities  and  numbers  should  be  examined  before 
numbers  are  used  to  represent  the  entities.  Isomorphism  is  the  heart  of 
measurement  theory. 

UNIQUENESS  0?  SCALES 

The  uniqueness  of  the  properties  of  a  scale  is  typically  charac¬ 
terized  by  the  kind  of  transformation  that  may  be  performed  upon  the  set 
of  descriptive  numbers.'  Transformation  is  an  operation  upon  the  members i 
of  a  scale  that  yeilds  new  scale  values  without  destroying  the  measure- 
meat  value  of  the  scale.  The  interpretation  and  manipulation  of  the 
numbers  in  a  scale  is  dependent  upon  the  degree  of  this  uniqueness  in¬ 
herent  to  the  entities  being  measured.  The  manipulation  of  a  scale  value 
must  be  defensible  as  a  manipulation  of  the  entity  represented.  Manipu¬ 
lations  which  are  not  meaningful  when  applied  to  the  subject  of  measure 
can  not  have  meaning  when  applied  to  the  representative  numbers. 

TYPES  OF  SCALES 

There  are  three  basic  types  of  scales:  nominal,  ordinal,  and 
cardinal.  The  assignment  of  values  to  entities  in  nominal  measure  im¬ 
plies  only  identification,  such  as  solid,  liquid  or  gas.  The  ordinal 
scale  is  a  simple  ranking  of  entities  by  equality  or  in-equality  such 
a3  we  have  in  a  simple  priority  system.  In  utility  theory,  •  equality 

%*or  additional  explanation  of  these  axioms  see 
%ady,  «£.  S^k*»  P*  5* 

^Ihid.  p.  6. 
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and  inequality  are  expressed  in  the  terns  indifferences  and  preferences. 
The  highest  order  of  measurement  ia  the  cardinal  scale,  which  has  two 

additional  degrees  of  order.  The  first  cardinal  scale,  called  an  in- 

\ 

terval  scale,  ranks  intervals  between  scale  values  as  well  as  ranking 
the  values,  such  as  temperature  measures.  The  second  cardinal  scale, 
called  &  ratio  scale,  measures  some  characteristic  of  an  entity  froa 
absolute  zero,  ’incorporates  the  attributes  of  the  other  four  scales,  and 
has  the  ssost  power  to  inform  of  the  four  scales.  A  example  of  such  a 
scale  would  be  linear  measurements  in  inches  and  feet.  The  selection 
of  any  one  of  these  scales  is  dependent  upon  the  problem  <*or  which  the 
scale  is  to  be  used,  upon  the  information  which  is  needs*  ind  on  our 
ability  to  scale  or  measure  the  variables  in  the  problem.^ 

ANALYTICAL  FUTRTIAL  OF  THE  F CUR  TYPES  OF  SCALES 
The  analytical  potential  of  the  four  types  of  scales  will  be  given 
only  briefly.  Nominal  scales  have  no  operational  potential  and  are 
limited  in  descriptive  power  to  identification  cf  an  entity.  Thus  the 
nominal  scale  will  only  classify  an  object  by  seme  property  which  will 
distinguish  it  from  another  .  The  ordinal  scale’s  descriptive  power  is 
limited  to  comparing  entities  and  its  operational  potential  is  at  best 
limited.  Ordinal  scales  will  only  rank  entities  and  indicate  equality 
or  inequalities  of  various  entities  in  relationship  to  one  another. 

The  interval  scale  provides  thf  benefits  of  the  ordinal  scale  and  in 
addition  provides  an  indication  of  the  differences  between  entities. 

If  entities  can  be  represented  by  an  interval  scale,  then  there  should 


exist  a  unit  of  measure  as  pari  of  the  nature  of  the  measurement.  The 
interval  between  numbers  is  represented  by  a  difference  of  these  units. 
The  interval  scale  can  be  used  to  derive  relative  measures  of  comparison 
and  has  very  useful  operating  capabilities.  The  central  difference  be¬ 
tween  the  ratio  scale  and  the  interval  scale  is  the  fact  that  the  ratio 
scale  assumes  an  absolute  aero  point  while  the  interval  scales  does  not,* 
The  ratio  seals  provides  the  maximum  analytical  potential.  If  the  ©em¬ 
bers.  of  a  set  can  be  described  by  the  ratio  scale,  then  the  members  of 
the  set  will  be  completed  ordered  such  that  entities,  difference  between 
entities,  and  the  distances  of  entities  from  a  absolute  zero  point  are 
known  and  the  various  attributes  of  the  numbers  can  be  ranked  among 
themselves.  If  numbers  can  be  ranked  among  themselves,  then  an  interval 
between  entities  can  be  compared  to  an  entities  distance  from  absolute 
zero,  and  the  attribute  of  uniqueness  prevails, 

TH£  IMPOHTAKCE  CF  KEASUitEKH.T  THEORY 

The  military  decision-maker,  presented  with  many  and  varied  al¬ 
ternatives,  needs  methods  of  measuring  the  military  worth  of  these  al¬ 
ternatives.-  The  problem  for  the  decision  a^ker  is  this:  Given  a  number 
of  points  representing  alternatives  which  exist  in  a  space  whose  dimen¬ 
sions  are  ths  evaluation  or  appraisal  of  the  alternatives  in  terms  o* 

9 

particular  attributes,  how  are  these  alternatives  to  be  ranked?  Im¬ 
proved  techniques  and  increased  knowledge  in  measurement  theory  will 

**Xbi4«  p,  23, 

9V;.G.  Mellon,  “Priority  Ratings  in  ^ore  than  one  Dimension*, 

Haval  Research  Logistics  Cwrterl&Vol.  7  UW,  p. 


greatly  improve  military  decision-caking.  For  many  years  the  theory  of 
measurement  was  restricted  to  the  special  circumstances  usually  encoun¬ 
tered  in  geometry,  astroncay,  and  physics,  to  additive  magnitudes,  such 
as  mass  or  electrical  resistance  or  length.  In  psycho-physics,  psychology 
welfare  economics  or  military  worth,  analytically  potential  scales  have 
been  difficult  to  develop,  Hew  mthods  are  being  developed,  however.  In 
psycho-physics,  for  example,  the  method  of  "bisection**  has  teen  develop®! 
in  obtaining  scales  for  subjective  magnitudes  such  as  pitch,  loudness, 
etc.^®  In  the  field  of  econometrics,  "orgenstem  and  Von  Neuman  have 
developed  a  method  of  measuring  subjective  utility.  The  Korgenstem- 
Van  lleuaan  method  has  found  considerable  use  in  the  measurement  of  mil¬ 
itary  worth.  The  psychologist’s  theory  of  psychometrics,  mental  meaneure- 
neat,  has  found  application  in  the  development  of  military  essentiality 
measures  for  repair  parts  by  a  questioning-mission  effect  technique. 

The  measurement  scales  developed  compare  favorably  with  the  properties 
of  the  interval  scale.  As  these  new  methods  of  measurement  are  developed 
and  find  application  in  military  decision-making,  fc}  giving  better  ana¬ 
lytical  scales,,  alternatives  can  more  effectively  be  measured  and  com¬ 
pared,  and  improved  choices  made.- 


10J.  Ffanzagl,  "A  General  Thcor^of  ^ea_surSSg.nt  Appllcati^Jo 
Utility**.  Report  Hemorandt^l To.  5  (F^cet^  University  ^oncs^Te- 
search  Program,  Princeton  University,  19581.  p»  • 

nj.  Von  Neuman  and  0.  Korgenstern,  mSH-Zl&lf5  ***J££S£2$& 
3ehavlor  (Princeton:  Princeton  University  Fress,  19441. 
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SOCIAL  CHOICE 

The  concept  of  utility  may  be  related  to  the  phenomenon  of  choice. 
In  a  capitalist  demoncracy  there  are  essentially  two  methods  by  which 
social  choices  can  be  cade:  voting,  typically  used  to  make  political 
decisions#  and  the  market  mechanism,  typically  used  to  make  economic 
decisions.  Elsewhere  in  the  world,  social  decisions  are  sometimes  mad* 
by  single  individuals  or  small  groups  and  sometimes  by  a  widely  encom¬ 
passing  set  of  traditional  rules  for  making  the  social  choice  in  any 
2 

given  situation. 

The  last  two  methods  of  social  choice,  dictatorship  and  convention, 
have  in  their  formal  structure  a  certain  definiteness  absent  from  voting 
or  the  market  mechanism.  In  the  dictatorship,  there  is  but  one  choice. 
In  the  society  ruled  by  convention  there  is  a  common  will  established  by 
the  conventions}  therefore,  social  decisions  are  net  in  conflict  with 
individual  wills  involved.  Choice  by  dictatorship  and  by  convention  can 
be  rational,  provided  the  individual  or  conventions  are  rational. 

In  a -capitalistic  demoncracy,  social  choices  are  made  by  amal¬ 
gamating  the  tastes  or  preferences  of  many  individuals,  which  may  bring 
about  short  run  irrational  and  inconsistent  decisions.  This  irration¬ 
ality  and  inconsistency  is  brought  about  by  the  Paradox  of  Voting, 


%or  two  excellent  studies  on  social  value  and  utility  theory 


see 
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\.j.  Arrow,  cr~»^  Choice  *nd  Invididual Kaluga  (New  York: 
John  Wiley  and  Sons^  1951)*  P« 
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described  in^lj  .  It  is  difficult  to  ascribe  rationality  and  consis¬ 
tency  to  social  choice  made  by  collective  methods  of  choice,  where  the 
wills  of  many  people  are  involved,,  except  perhaps  in  the  long  run. 

Before  an  understanding  of  patterns  of  social  decision-making  can  fcs 
had#  utmost  precision  and  mastery  in  the  more  limited  field  of  individual 
choice  must  be  gotten.  Qnea  these  are  measured  and  quantified,  methods 
of  formally  constructing  a  procedure  for  passing  from  a  set  of  known 

individual  tastes  or  preferences  to  a  pattern  of  social  choices  could 

3 

be  developed.  The  ultimate  aia  is  batter  prediction  of  human  behavior 
and  better  decision-making. 


INDIVIDUAL  CHOICE 

Habit,  custom,  tastes,  and  preference  may  aT>  be  considered  im¬ 
portant  influences  on  the  choice  of  an  individual.  Tfcs  notion  of  sat¬ 
isfaction  is  a  particularly  important  consideration  in  the  examination 

* 

of  the  choice  of  an  individual.  Analytically  it  is  at  present  con¬ 
venient  to  aggregate  all  factors  contributing  to  the  choice  decision  of 

an  individual  into  the  single  concept  of  utility.  Lady  gives  a  primitive 

4 

definition  of  utility  as  that  which  determines  choice.  Be  defining 
utility  in  this- manner,  a  quality  of  the  individual  rather  than  an  in¬ 
herent  quality  in  an  object  or  entity  is  being  sought.  The  aspect  of 
the  utility  dimension  which  describes  the  individual's  disposition  to¬ 
wards  an  object  may  be  called  preference.  An  impertent  fact  to  focus 


JIbid .  p.  2. 

^G.M.  Lady,  A  Study  of  the  Utility  Concept  in  Economics.,  Report 
Serial  T-157  (Logistics  Research  Project,  George  Washington  Univer¬ 
sity),  p.  2, 
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uncy  to  ooolol  .hole,  nude  by  =oU«U«  uehhods  „f  choice,  vhere  the 
.ills  of  ueuy  people  ™  involved,  c^ept  pertap,  in  ths  ^ 

Ecfore  «  undereteudi,*  of  patterns  of  social  deciston-caklog  cap  he 
h»d,utaost  precision  and  mate,*  in  the  ere  United  field  of  indleidoU 
choice  must  he  gotten.  Once  these  are  easnred  and  gnantified,  nethods 
of  formally  constructing  a  procedure  for  passing  from  a  set  of  knwn 
individual  tastes  or  preferences  to  a  pattern  of  social  choices  could 
be  developed.3  The  ultimate  aim  is  better  prediction  of  human  behavior 
and  better  decision-making, 

INDIVIDUAL  CHOICE 

Habit,  custom,  tastes,  and  preference  may  all  be  considered  im¬ 
portant  influences  on  the  choice  of  an  individual.  \  s  notion  of  sat¬ 
isfaction  is  a  particularly  important  consideration  in  the  examination 
of  the  choice  of  an  individual.  Analytically  it  is  at  present  con¬ 
venient  to  aggregate  all  factors  contributing  to  the  choice  decision  of 
an  individual  into  the  single  concept  of  utility.  Lady  gives  a  primitive 
definition  of  utility  as  that  which  determines  choice.^  Be  defining 
utility  in  this  manner,  a  quality  of  the  individual  rather  than  an  in¬ 
herent  quality  in  an  object  or  entity  is  being  sought.  The  aspect  of 
the  utility  dimension  which  describes  the  individual's  disposition  to¬ 
wards  an  object  may  be  called  preference.  An  important  fact  to  focus 

3Ibid,  p.  2. 
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G.M.  Lady,  A  Study  of  the  Utility  Concept  in  Economics.  Report 
Serial  T-1J7  (Logistics  Research  Project,  George  Washington  Univer¬ 
sity),  p.  2. 


upon  is  that  presence  detamii *3  choice  and  not  the  size  of  the 
number  chosen  to  represent  preference. 

Individual  attitudes  are  structured.  A  structured  attitude  in¬ 
dicates  that  in  the  choice  of  objects there  exists  relationships  between 
goods  and  services  that  needs  to  be  taken  into  account.  These  relation¬ 
ships  can  be  classed  as  independence,  complementarity,  and  substitute 
bility.  Complementarity  and  substitutibility  bring  to  bear  the  notion 
of  a  diminishing  marginal  rata  of  substitution  as  a  propostion  concern* 
ing  an  individuals  behavior  in  relationship  to  the  choice  of  objects. 

The  similar  relationship  of  internal  feeling  or  emotion  toward  ths  con¬ 
sumption  of  goods  and  services  is  reflected  in  ths  notion  of  the  law 
of  diminishing  rate  of  marginal  utility.  This  law  states  that  satis¬ 
faction  or  pleasure  diminishes  as  more  §nd  more  of  the  unit  is  consumed. 
The  ratio  scale  is  the  only  type  of  scale  that  would  include  information 
concerning  the  feelings  of  the  individual  as  well  as  information  con- 
cerniig  his  choice  among  objects. 


KEASURISG  UTILITY 

Folsom  makes  the  following  statement  concerning  measurement  of 
utility: 

Notions  cf  utility  and  worth,  or  value,  of  human  actions  and 
material  prerequisites  have  attracted  the  attention  of  phi¬ 
losophers  and  economists  in  increasing  measure  since  the  dawn 
of  the  industrial  era.  The  ideas  of  worth,  utility,  and  value 
have  proven  difficult  to  formalize  because  they  are  not 
"absolute**,  because  they  have  not  yielded  to  a  single  scale  of 
measure,  because  of  countless  possibilities  of  "exchange"  or 
trade-off  in  measures  of  value  which  vary  with  circumstances, 
and  because  it  has  not  been  possible  in  most  cases  to  dissociate 
moral  and  social  "value"  from  material  values.  None  the  less, 
scientists  are  active  in  studies  of  worth  and  value  theory,  but 
in  general  their  results  are  still  in  the  initial  stages  of  be¬ 
ing  transformed  into  practical  tools  for  executives. 


5P.I.,  Folsom,  "Military  Worth  end  System  Development , «  K&val 
Research  logistics  Quarterly.  Vol.  7  (19£0)>  P»  501. 
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tor  t-hase  reasons  the  operational  property  of  the  addition  of  seal® 
values  to  gain  the  scale  values  of  the  aggregate  is  restricted  and 
generally  not  considered  to  be  necessarily  an  available  means  of  con¬ 
structing  a  complete  ordering  for  a  utility  function.6  Only  lifted 
cardinal  scales  of  utility  have  been  developed.  Present  methodology 
does  not  permit  the  determining'  of  &  ration  scale  of  utility. 

The  problea  of  hew  to  masaure  utility  can  be  approached  frets  two 
aspects.  First*  it  can  be  approached  by  the  method  of  introspection} 
that  is  by  verbal  responses  of  individuals  involved  to  certain  questions. 
Secondly*  utility  can  be  assured  by  behaviorism,  i.e.  it  can  be  mea¬ 
sured  by  certain  actions  of  the  individual.  These  actions  find  their 
motivating  force  in  the  complicated  wants  and  needs  of  the  individual* 
which  say  be  physiological  needs  or  psychological  needs  or  most  prob¬ 
ably  a  combination  of  both.  The  difficulties  lie  in  properly  describ¬ 
ing  the  assumptions  which  have  to  be  made  about  the  motives  of  the  in¬ 
dividual.7 

BASIC  ASSUKFTIG8S8 

Certain  assumptions  concerning  individual  behavior  or  attitudes 
are  made  in  developing  utility  measures.  First*  tfce  individual* s  pref¬ 
erences  are  consistent  with  the  underlying  axioms  of  the  scale.  Second¬ 
ly,  preferences  are  hue hanging  over  a  specified  period  of  time.  Thirdly, 
an  ordinal  scale  or  an  interval  scale  of  preference  is  in  soac  manner 

6lady,  oj>,  cit..  p.  4&* 

7J.  Von  Keuaan  and  0,  Korgenstern,  Theory  of  Games  &nd_gcoatglc 

Behavior  (Princeton.'  Princeton  Uai/ersity  Press,  1944),  ?•  8. 
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discoverable,  i.e.,  utilities  are  numerically  measurable.  Finally,  an 
individual  will  act  to  maximize  his  preferences.  By  this  it  is  meant, 
an  individual,  who  has  a  fixed  amount  of  money,  being  confronted  by  the 
prices  of  goods  and  services  will,  in  spending  this  amount  of  money, 
select  that  group  of  goods  and  services  which  will  give  him  ma-yWia.  sat¬ 
isfaction*  He  prefers  the  chosen  mixture  of  goods  and  services  to  any 
other  group  available  to  his  for  purchase. 

CHOICE  CONTEXTS 

t 

In  the  measurement  of  utility  it  is  necessary  to  take  into  account 

three  separate  choice  contexts:  certainty,  when  the  outcome  cf  a  choice 

is  known?  risk,  when  a  given  choice  implies  several  possible  outcomes, 

each  associated  with  a  known  probability  distribution  and;  uncertainty, 

9 

where  the  fora  ©f  the  probability  distribution  is  unknown. 

CHoICS  OF  A  SCAIS 

The  use  of  one  scale  rather  than  another  is  ceterained  by  the 
problem  to  be  approached  and  not,  in  the  case  of  the  problem  of  the 
consumer,  by  whether  or  not  emotion  or  behavior  is  to  be  used  as  &  basis 
for  constructing  the  seal©.  A  few  brief  comments  concerning  tha  selec¬ 
tion  and  use  of  the  various  scales  in  the  measurement  of  utility  is 
given  below.  The  use  of  the  interval  scale  makes  no  implicit  assump¬ 
tions  about  the  feelings  of  the  individuals,  but  instead  indicates  that 
it  is  necessary  for  the  intervals  between  scale  values  to  be  ranked. 
Again,  ranking  of  the ■  interval  values  can  be  achieved  by  behavioristic 
or  an  introspective  point  of  view.  The  ordinal  seals  may,  on  the  other 
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hand,  be  supported  by  assuring  that  the  ranking  achieved  indicated  a 
ranking  of  quantities  of  internal  satisfaction.10 

Choice  of  context  will  influence  the  choice  of  scales.  Under 
conditions  of  risk,  the  choice  of  an  individual  does  not  lead  to  a 
sure  outcome,  bat  rather  leads  to  a  set  of  possible  outcomes,  each  out¬ 
come  associated  with  a  known  probability.  In  this  case  the  ordinal 
scale  doeo  not  provide  enough  information  to  indicate  the  choice  of 
the  consumer;  therefore,  the  interval  scale  would  be  required.  Under 
conditions  of  uncertainty,  the  ratio  scale  should  be  used. 
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BEHAVIORISTIC  METHOD 

A  behavioristic  method  of  determining  order  of  choice  would  be  to 
present  an  individual  an  array  of  objects  or  entities  to  choose  from. 
The  more  difficult  the  choice,  the  scalier  the  difference  between  the 
utilities  of  the  objects  to  be  chosen.  Rather  than  showing  preference 
for  these  ites*,  the  individual  would  be  int iff erent  between  having  css 

or  the  other.  An  objection  to  this  methodology  is  that  the  notion  that 

*  * 

difficulty  in  choice. need  not  wholly  be  related  to  differences  in  util¬ 
ity.  A  second  method  used  to  order  differences  between  utilities  is 
Inconsistency  of  choice.  ’Presumably,  the  more  inconsistent  the  choice 
between  objects  the  store  similar  their  utility  and  thus  the  smaller  the 
interval  between  their  utility  numbers.^  In  both  cases  however,  the 
choice  difficulties  may  be  because  the  decision-maker  posses  imperfect 
knowledge  concerning  the  objects  of  choice. 

10UdSr,  og»  cit.a  p.  51. 
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""  Theory  or  Canes,  fo^a..*  *  Vm  ^  ^ 
presents  a  oeihodology  by  which  a  weak  interval  ^  ^ 

thot  world  indicate  the  chole,  of  en  individnal  under  conditions  of 
risk.  Kick in  mo  oooo  is  defined  ..  that  cholc„  ^ 

"  iKlIvi<1“a  13  *  «*  of  possible  too,  alternatives,  each 

associated  with  a  given  probability,  whose  ,f  ^  realised,  equal*, 

one  and  with  the  provision  that  a  choice  will  lead  to  on.  of  the  known 
alternative..  Probability  nay  be  visualised  in  two  ways,  M  .  subjective 
concept  core  or  less  in  the  nature  of  an  estination  or,  alternatively, 
as  a  perfectly  well  founded  interpretation  as  frequency  in  long  mno.W 
Since  in  the  Game  Theory  Method,  probability  ia  used  in  conetropting 
an  individual,  nunerioal  estination  of  utility,  the  latter  definition 
is  used.  This  gives  directly  the  necessary  numerical  foothold  and  ties 
probability  and  preferences  together.  Finally,  the  Case  Theory  nethod- 
ology  neasurea  utility  with  regard  to  different  quantities  of  an  idea- 
tical  eoBSBoalt^j  e.g.,,  of  money* 

The  Game  Tfcecjy  methodology  develops  the  weak  interval  scale  of 
utility  based  on  an  expected  utility  typoihesis,  which  is  defined  by 
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ecker  as  follows? 


Yet  each  person  theta  exist  Rubrical  constants,  called 
utilities^  associated  with  the  various  possible  outclass 
of  bis  aeiiesiSg  giver,  the  «&taraal  events  not  under  hi# 
control.  Jfj,  tor  a  givsn  subject,  we  could  know  the  val- 
xtss  of  ih£s«  constant®  and  Zb$  ("personal")  probabilities 
hs  assigns  to  th&  various  external  eyents  we  can,  according 
to  this  ssodel,  predict  hie  choice  among  any  available  set  of 
actions J  H&  will  choose  an  action  with  the  highest  expected 
utility,  i,e»,  "with  the  highest  average  of  utilities  of  out-* 
coses  ?  weighted  by  tfer  probabilities  he  assigns  to  the  corres- 
events.  Ho  will  be  indifferent  between  any  two  actions 
with  equal  expected  utilities.-*^ 


U8ing  this  i^pothesi a,  the  maasrical  utility  scales  are  developed  by 


interrogating  tie  individual  concerning  the  probability  of  his  being 
* 

indifferent  between  receiving  a  certain  sun  of  noney  and  in  playing  tw 
gsys8<  Predictive,  scalar  cf  utility  are  developed  from  the  outcome  of 
these  interrogations.  This  scale  provides  the  information  Clique  up 
to  a  linear  transfors&ticn)  concerning  tils  rat*  of  change  cf  utility 
with  respect  to  changes  ia  the  cpiar.tiiies  cf  goods  aod  services. 

Gsse  Theory  scales  so  statement  concerning  the  individuals 
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utilities  of  various  alternatives  are  iudep>ende»t  of  one  another  and 
therefore  hava  constant  marginal  utility.  This  does  not  take  into 
account  the  law  of  diminishing  rate  of  marginal  utility.  The  second 
assumption  is  that  individuals  have  perfect  knowledge,  which  in  most 
cases  dees  not  exist  a..  the  real  world,  ether  arguments,  such  as  an 
individuals  unwillingness  to  play  a  gambling  game  because  of  moral 
reasons,  the  available  amount,*  of  money  changing  the  utility  function, 
or  people  being  unable  to  deal  with  finely  graduated  probability  co¬ 
efficients,  are  leveled  at  the  format  of  gaining  the  information 
necessary  to  construct  the  scale  rather  than  the  criteria  for  construc¬ 
ts  the  scale. 

One  of  the  stronger  arguments  against  the  gaming  method  of  deter¬ 
mining  utility  has  been  put  forward  by  Arrow.  This  argument  is  shown 
belcrwt 

‘  ’  Even  iL  for  sos*  reason,  we  admit  measurability  of  utility 
for  an  individual,  there  still  remains  the  question  of  aggre¬ 
gating  the  individual  utilities.  «t  best,  it  is  contended 
that,  for  an  individual,  his  utility  function  is  uniquely 
determined  up  to  a  linear  transformation:  we  must  sill 
choose  one  out  of  the  infinite  family  of  indicators  to 
represent  the  individual,  and  the  values  of  the  *ggrega.tc 
(say  a  sum)  are  dependent  on  how  the  choice  is  made  for  each 
individual.  In  general,  there  seems  to  be  no  method  intrinsic 
to  utility  measurement  which  will  mske  the  c.icice  compatible. 

It  requires  a  definite  value  figment  not  derivable  from  in¬ 
dividual  sensations  to  make  the  utilities  of  Afferent  in. 
dividuals  dteensicnally  compatible  and  still  -  ±«r  vh-r 

seems  to  sate  »  seru ^  tojM  futility  of 
one'  dividual,  a  psychic  ~  bis  IWW* 

-  utility  of  another  individual.^ 

- .  -!W.« to f  %g*gS”.m 

^See»«,  «An  Hsasureacni  ^ 

Vol,  J9  f  195$),  uSlKOk. 
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EKSFIT  QY  UTILITY  THEC6Y  TO  ffiLIT-AY  DScISIua  KAKJSQ 
The  imporance  of  u-ility  theory  to  the  military  is  that  it  suggest* 
ssthoia  of  detemliijjig  military  worth  measures  to  be  used  in  decision¬ 
making*  In  spite  of  some  of  the  weaknesses  in  developing  the  utility 
scales  f  they  have  proven  useful  and  will  continue  to  prove  useful  in 
dealing  with  certain  military  problems. 


CHaT-TER  IV 

fflUTAiiY  WORTH  Ai<D  yALUE 
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■  VALUE  AND  WORTH  DE7EJED 

l 

As  object  or  entity  has  both  worth  and  value.  Worth  is  that 
quality  or  sus  of  qualities  of  an  entity  rendering  it  essential,  valu¬ 
able,  or  useful.  Valuo  is  the  estimated  or  assessed  worth,  usefulness, 
or  essentiality  an  individual  places  upon  an  entity  by  Itself  or  in  c ca¬ 
parison  with  other  entities.  Because  there  exists  only  a  fine  distinc¬ 
tion  between  the  terms  worth  and  value,  they  will  be  used  J-terchange~ 
ahly.  An  individual’s  value  judgements  may  be  arbitrary  and  in  a  sense 
conventions  of  the  time  and  place.  Valus  is  often  influenced  by  the 
worth  and  imputed  importance  of  the  entity.  Values  or  preferences  of  an 
iiidiviadal  are  described  in  his  utility  function  end  find  their  expression 

f 

in  the  material  realm,  by  the  goods,  and  services  which  he  purchases.  The 
many  social  and  ethical  aspects  affecting  an  individuals  values  will  not 
be  discussed.1  Social  value  generally  reflects  the  aggregation  of  the 
values  of  the  individuals  composing  the  society. 

MEASURES  VALUE 

Individuals  and  societies  assess  different  values  to  different 
entities.  This  implies  two  very  important  elements.  First,  not  all 
entities  possess  the  same  worth  or  value.  Second,  differing  values  in¬ 
dicate  that  there  must  be  some  underlying  method  used  in  measuring  -value. 


*\ 


m ua  ctuucMt  require.  too  tasie  to  be  «is»ered.  Mho 


1in  excellent  discussion  on  the  various  social  ani  ethical  aspects 
.of  value  is  presented  in  £V|  »  PP»  404-413 u 


or  v-hit  should  be  measured?  How  should  value  be  measured  anl  in  re¬ 
lation  to  what?  In  the  democratic  cabalistic  society,  where  egoistic 
heicnisa  r revails,  value  preferences  of  individuals,  groups,  society  or 
th*-  culture  should  fee  measured .  Two  a1  thods  of  approach  nay  be  used  in 
developing  measures  of  an  indrviduals  values.  An  individuals  values 
nay  be  measured  by  introspection;  i.e.,  values  measured  only  by  verbal 
responses  to  questioning  of  the  individual  involved.  Value  may  also  be 

measured  by  behaviorism;  i.e,,  values  measured  by  other  types  of  indi- 
2 

vidual  action.  Under  hedonism,  value  is  measured  in  relation  to  the 
amount  of  satisfaction  that  an  entity  provides  to  an  individual.  Gen¬ 
erally  no  absolute  value  prevails,  only  a  relative  value  developed  as 
entities  are  brought  into  comparison  with  one  another* 


TfftEE  ASPECTS  OF  VALUE 

Values  may  be  examined  under  three  propositions.  There  my  be 
absolute  values,  individual  cr  social  values,  or  historical  value 
trends.^  Absolute  value  is  a  super-set  of  values  as  opposed  to  values 
made  in  comparison.  The  absolute  value  nay  have  that  value  by  intui¬ 
tion  or  sense  divine  Providence.  If  we  expect 'the  absolute  value  assump¬ 
tion,  then  value  is  given  and  only  requires  the  development  of  some 
method  to  measure.  An  axiom  to  underlie  this  would  be  too  weak  for 
sel-jcting  values  for  military  planning*  If  not  given,  then  values  are 
measures  of  certain  properties  of  individuals  or  groups.  In  .his  case 
we  must  determine  who  or  what  to  measure  and  hew,  as  indicated  in  the 


2J.e.  McCoskey  and  J.X.  C ojpinger.  Operation?  ‘°f  J— ^ 

t,  Vol*  2,  ( Cambridge:  Harvard  University  Fress,  1963;,  p. 
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; revioaa  section.  If  vo  don't  tote  values  as  8iven  and  try  to  mn 
t2*e;a  by  some  ssethod,  then  measurements  are  subject  to  error.  A  third 
proposition  of  value  is  that  they  are  not  given  or  determined  by  specific 
groups  or  individuals,  yet  are  measurable  by  methods  of  science .•  This 
method  generally  measures  trends  in  value,  not  Just  value  itself  ^  It 
is  a  process  of  a  series  of  approximation  leading  to  truth.  The  impli¬ 
cation  of  this  last  concept  of  value  is  illustrated  by  Churchman’s 
statement  that: 

Kan  not  only  develops  in  hi*.  ways  of  doing  things,  but  he 
also  develops  in  his  interests  for  objectives.  The  true 
value  of  an  objective  represents  the  ultimate  stage  of  this 
interest-development;  it  is  never  fully  attained  and  can 
only  be  estimated... no  finite  set  of  data  is  sufficient 
either  to  provide  the  exact  measure  or  the  exact  meaning 
of  the  measure.* 

A  detailed  explanation  of  these  three  propositions  of  value  is  given 
-  w  ,  pp.  401-413 . 

•MILITARY  WORTH:  A  SUBDIVISION  OF  GENERAL  FIELD  OF  WORTH 

Military  worth  may  be  conceived  as  a  subdivision  of  the  more 

f.  * 

general  field  of  worth  and  value.  Eecause  of  this  relationship,  many 
of  the  concepts  developed  in  the  general  field  of  worth  are  equally 
applicable  in  the  study  and  development  of  military  worth  measures. 

I  erne  basic  concepts  of  utility  "and  value  theory  have  been  discussed  in 
the  preceding  chapters  and  the  first  few  sections  of  this  chapter  for 
that  very  reason.  The  military  worth  analyst  must  keep  abreast  of  the 

4Ibid..  p,  409. 

Sited.,  p.  410. 

6P.l.  Folsom,  s,Hilitary  Worth  and  Systems  Development' %  Kaval 
Research  Logistics  Quarterly.  Vol,  7  (19c0),  p. 


liter* tyre  in  the  s.n.r.1  field  of  worth  to  tohe  advantage  0f  the  ad- 
,ar..-ing  knowledge  and  technology  j»  Uia  area  and  to  avoid  avennaa  of 
approach  that  are  parochial  or  have  led  to  dead  ends. 


MILITARY  VOkTH  DEFINED 

There  is  no  universally  applicable  definition  to  military  worth. 

Military  worth  or  value  may  assume  many  definitions  depending  on  which 

level  in  the  hierarchy  of  the  National  Defense  structure  it  is  being 

applied  and  what  criteria  art  being  used  to  define  it.  Military  worth 

ray  assume  different  definitions  when  considered  in  each  of  the  three'’ 

basic  military  planning  areas,  strategic,  tactical  or  loj^stical.  At 

the  national  level  it  may  be  defined  in  terms  cf  contribution  to  winning 

or  deterring  seme  kind  cf  war,  or  more  broadly  of  achieving  national 

security.  In  this  regard,  reck  defines  military  worth  as  follows: 

The  peacetime  value  of  a  weapon  system  depends  mainly  upon 
its  ability  to  deter  other  nations  from  going  to  war.  In  an 
aggregate  sense,  the  deterrent  value  of  a  nation* s  weapons 
arsenal  is  relatively'  easy  to  define:  it  is  ths„economic 
losses  avoided  by  preven-  ng  aggression  and  war.' 

At  the  level  of  the  individual  military  decision-maker  it  may  be  de¬ 
scribed  as  his  preference  for,  or  amount  cf  satisfaction  he  receives 
from  having  a  certain  military  entity.  In  this  context  military  worth 
ar.d  utility  are  used  interchangeably.  In  the  logistics  area  of  mili¬ 
tary  planning,  military  essentiality  has  been  used  to  define  military 
worth.  Military  essentiality  is  broadly  defined  as  the  importance  a 
repair  part,  equipment,,. ship,  etc.,  has  in  relation  to  the  readiness 
of  a  unit  to  accomplish  its  missions.  A  mission  consists  of  a  task 
and  a  purpose;  the  purpose-  is  usually  the  organization  objective. 

7F.H.  Scherer  ar.d  J.H.  Feck. The  Weapons  Accuisition  Process:  As 
Economic  Analysis  (Boston:  Harvard  Lniversity  Press,  l$o2)  pp.  271-272. 


difficulties  arise  in  the  correlation  of  military  worth  definitions 


a::i  measurement  at  high  and  low  levels  or  in  and  between  planning  areas 
because  of  inconsistency*  These  inconsistencies  may  be  brought  about 
by  errors  and  inconsistencies  of  the  military  decision-makers,  due  to 
lack  of  adequate  infomation  and  the  complexity  of  the  problem  of  mili¬ 
tary  worth* 

CONCEPT  OF  KIUTAKT  V.'OFiTH 

Victory  may  be  gained  at  too  great  a  cost.3  Immediately  this 

brings  to  mind  the  concept  of  military  worth  or  value.  If  the  cost 

was  too  great,  what  wcuxd  have  been  the  better  or  "best"  strategy  to 

bring  about  victory  at  a  lesser  cost?  Here,  it  is  hoped,  the  military 

decision-raker  would  be  able  to  select  a  strategy  cr  a  combination  of 

strategies  "best"  suited  to  his  ends  on  the  basis  of  a  set  of  relative 

o 

value-graded  predicted  outcomes.  The  difficulty  is  in  quantifying 
and  measuring  these  value-graded  predictions.  Military  conflict  is 
not  deterministic  and  it  is  difficult  to  put  the  various  mathematical 
tools  into  application  In  solving  the  problec.  Information  is  incomplete, 
uncertain,  and  there  is  great  difficulty  sorting  cut  and  handling  mix¬ 
tures  of  quantitative  and  qualitative  factors. 

"National  Defense  costs  too  much".  Here  again,  the  concept  of 
worth  comes  to  the  forefront.  If  this  is  so,  then  the  values  of  our 
weapons  arsenal  must  be  reassessed.  The  importance  of  such  assessments 


Wisoe,  og.  eit. p.  502* 
Wd.,  p.  502. 
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are  stated  by  Folsca: 

SsF'1”1?™5 its  r* 
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considered  in  value-relationship  to  current  capabilities 

i8a*'^ition°5hiehatrSint6i!:  rarticularl>r  Units  in  fund*, 
is  *  condition  which  poser  sharp  questions  of  value  and 

military  worth  in  respect  to  total  cost,  rate  of  funding, 

competing  demands ,  the  capabilities  that  will  be  produced  - 

by  the  effort,. and  many  others... best  value  judgments  are 

required  from  the  very  outset  of  the  venture. 10 

Interest  in  the  rr-ilita  ry  worth  concept  has  been  sharpened  through  the 

emergency  of  appropriate  analytical  tools  in  dealing  with  military 

worth,  through  the  identification  of  problems  which  submit,  with  realism, 

to  formal  mathematical  treatment,  and  through  the  growing  awareness  of 

its  importance. 

KI1ITAEI  V.'GRTH  AI.’D  CC5T-EITECTIVHiESS 
there  exists  a  need  to  measure  the  relationship  of  one  weapons 

•"v 

system  in  relationship  to  other  weapons  systems  and  in  relation  to  the 
energr* s  weapons  systems,  Use  of  the  monetary  criteria  is  too  limited, 
since  it  leaves  out  of  account  the  military  worth  of  alternative  de- 
fense.  schemes. ,  .-This  S s^nrV-to  sey  that  ^-effectiveness  studies  *nd 
comparisons  are  notHTstep  forward,  but  the  methodology  need*  -to  be  ex¬ 
tended.  Peck  clearly  indicates  the  usefulness  of  cost-effectiveness 
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Ibid.,  pp.  502-503. 


studies  and  also  indicates  one  of  their  limitations: 

The  methodology  known  as  cost-offectiveneso  analysis  provides 
‘  in  some  cases  an  operational  substitute  for  direct  value 
measurement,  given  only  certain  decisions  on  broad  military 
objectives.  Cost-effectiveness  techniques  to  estimate  th« 
incremental  savings  which  a  proposed  new  weapon  system  would 
afford  over  existing  or  alternative  methods  of  accomplishing 
the  objectives.  Such  savings  reflect  the  incremental  military 
value  of  the  program  under  consideration,  as  long  as  the  ob¬ 
jective  is  held  constant.  It  would  appear  that  this  approach, 
which  essentially  measures  opjortvnity  costs  or  avoidable 
costs,  is  a  tolerable  surrogate  for  military  value  estimate# 
in  development  cost-quality  trade-off  decisions,  although  it 
is  probably  less  satisfactory  in  cost-time  trade-off  situations. 
In  any  event,  military  value  judgments  must  be  and  indeed  are 
made,  either  explicitly  or  implicitly  by  military  planners.11 

As  a  further  caution  to  stressing  the  monetary  aspect  of  military 

decision  making,  Korgenstem  states  that: 

i 

The  first  point  that  has  to  be  made  absolutely  clear 
is  that  the  economy  and  the  economic  well-being  of 
the  people  are  not  the  dominating  concern.  Over¬ 
shadowing  everything  is  the  safety  and  survival  of 
country  and  nation.^ 

In  making  rational  decisions,  the  aspects  of  military  worth,  cost, 
duality  arai  time  must  be  weighed  and  integrated  into  the  analysis  of 
.  alternatives. 

IiESD  ?ca  QUANTIFICATION  AND  A  DEFINITIVE  TEST  OF  KIUTASI  V.'ORTH 

A  business  entrepreneur  in  a  free  enterprise  can  compare  expected 
costs  with  expected  sales  and  profits  when  he.  has  to  decide  which  al¬ 
location  of  hi#  scarce  resources  is  better  than  another.  All  are  ex¬ 
pressed  in  dollars,  in  other  words,  by  a  cocoon  bdse  of  numbers.  The 
individual  values  are  refleeted  and  are  aggregated  to  reflect  society 

^Peck,  og»  cit.*  p»  273. 

^ional  D?i—  (Nevf  Tork! 

Random  House,  1959)*  P»  *92*  'v*  s 


serial  values  in  tk.  pricing  system.  ^  ^  ^ 

incorporates  a  vast  amount  of  infonration,  free,  that  an  entreprlenr 
needs  to  operate  with  in  tne  complex  world  of  today.13 

Tk.  military  decision-maker  has  no  comparable  mechanism  at  hi, 
disposal.  There  is  no  know,  method  of  giving  a  numerical  expression 
to  the  military  worth  of  different  vecpons  systems,  of  deploying  feme, 
to  on,  area  instead  of  another,  or  of  producing  mere  unite  of  or.,  -.eapon 
rather  than  more  of  another,  similarity,  values  attached  to  the  capture 
or  destruction  of  straite,  fortifications,  ship,,  battalions,  etc.,  as 
we,l  as  what  will  be  necessary  to  capture  them  ray  in  reality  be  impos¬ 
sible  to  determine  precisely.15  Additionally,  many  weapon,  system,  have 
not  been  tried.  In  many  cases,  they  can  not  be  tried.  Their  effects 
-re  only  es.tir.ated  for  the  future.  Prospects  are  net  certain.  There- 
^or€»  veapon  system’s  assumed  military  values  are  not  certain  either.3-^ 

In  any  event,  decisions  oust  be  made  on  the  basis  of  some  sort  of  an 
idea  of  the  relative  importance  of  the  various  objectives  and  the  systems 
used  to  accomplish  these  objectives.  Much  of  the  evaluation  consists  of 
^hat  ijre  neither  definable  nor  rigorous,  made  by  military  per¬ 
sonnel,  often  using  procedures  that  are  variable 

13  - 

Ibid.,  p.  20 3. 

14 

C.J.  Hitch  and  R.K.  McKean,  The  Sceneries  of  Defense  in  the  Kuclear 
Are  (Cambridge:  Harvard  University  Press,  1?6 J ) ,  p .  163 . 

15t 

•M.  l.'hitin.  The  Theory  of  Inventory  Management  (Princeton: 
Princeton  University  Press,  1953),  p.  205. 

^Horgenatern,  op,  cit.,  p,  2Q3. 

17 

P.  Brock,  et  al.,  "Techniques  for  Evaluating  Military  Organization* 
*nd  Their  Equipment",  Kaval  Research  logistics  Quarterly,  Vol.  9  (1962), 
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This  does  not  imply  that  these  subjective  evaluation  methods  are  without 
,3iue,  only  that  they  are  necessary.  However,  such  procedures  require 
systematization  and  substantiation  through  investigations  of  measurable 
quantities  that  can  either  support,  extend  or  contradict  these  evalua- 
lions* 

Korgenstem  makes  the  following  statement  concerning  the  need  for 
improved  military  value-assessment  j 

To  develop  a  method  would  be  more  important  than  to  introduce 
seas  further,  purely  technological,  advance  in  some  weapon* 
system.  It  would  improve  the  use  of  all  of  them.  Yet  without 
having  solved  the  question  of  determining  the  military  worth 
of  the  various  alternatives  no  convincing,  rational  choice  can 
be  made.  Oily  the  usual  vague,  intuitive  appeals  to  strategic 
needs,  etc.,  are  possible. ^ 

The  objective  is  to  determine  the  "best*1  weapons  combination  th>  * 

optimizes  military  worth  subject  to  the  constraints  of  the  problem.  K© 

_or.a  knows,  .precisely  how  satisfaction  and  military  worth  are  related  to 

the  obserable  outcomes  of  various  courses  of  action;  however,  if  the 

objective  of  maximization  of  military'  worth  is  to  be  realized  approxi- 

19 

rations  will  have  to  be  made  and  quantified  on  a  numerical  scale. 

MILITARY  Y.'ORTH  MEASUREMENT 

Measuring  and  expressing  military  worth  in  meaningful  analytical 
scales  is  a  difficult  problem.  The  techniques  suggested  in  measuring 
values  and  the  propositions  outlined  in  the  second  and  third  sections 
of  this  chapter  are  equally  applicable  in  the  measurement  of  military 

18 

Korgenstem,  og,  eit.,  pp»  205-206. 

^Hitch  and  McKean,  og,  cit»,  p»  160. 

^or  the  development  of  multi-diaentional  indides  oi  military 
worth  see  Vkjl  • 
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*  »r  *.at  end  how,  must  also  be  answers'!  in 

seeking  ,o  evaluate  military  worth,  ., 

are  mrf  «ppr«ch«  Sr.  eeUbliehlnp  «niu*y  worth  itfleU., 
*“  .ill  briefly  be  dieeuee*!.  Fleet,  tattvi**  littery  decieion- 

“*“*  rMlUTlr  Y*1'‘'  have  beer.  o.ms«4  by  the  lotroopoctta, 

eethod.  The  value,  *U1«4  by  thie  iethed  ere  a*  «  attempt  to  deter- 


ainc  reel  worth,  since  there  le,  presently,  no  absolute  numerical  sea- 
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sur*  of  cdUtarar  worth.  The  values  derived  by  this  method  art  numer¬ 
ical  vaxues,  in  most  eases,  which  are  consistent  with  certain  military 
opinions  and  decisions.  The  second  approach  is  a  combination  o.f  intro- 

"apect'ien  and  the  proposition  that  value  is  measurable  by  methods  of 

% 

lienee  as  discussed  under  the  three  aspects  of  value. 

The  objective  of  the  second  approach  is  to  b  able  to  compute  an 
index  to  serve  as  a  figure  of  merit  or  military  worth  measure  for  par¬ 
ticular  means  of  accomplishing  a  given  mission  or  objective.  Instead 
cf  looking  to  introducing  additional  attributes,  perh.  ,  leading  to  a 
vc-te,  it  tries  to  establish  a  preference  as  an  explicit,  'unction  of  the 
original  attribute,^  Sueh  will  be  done  through  use  of  en  -.dex  which 
will  be  a  single  number  formed  by  aggregation  of  the  origin;  measures. 
There  exists  ee ms  collection  of  numerical  measures  relating  to  perfor¬ 
mance  of  a  mission.  From  this  collection  fcy  means  of  some  process  such 
as  selection  or  combination,  it  is  possible  to  derive  the  basic  measure 
on  which  an  index  will  depend.  The  measure  should  reflect  some  funda- 


Suzuki,  “Procurement  and  Allocation  of  JJavai  Electronic 
Equipments*,  Kaval  Research  logistic?  Quarterly.  Y©1,  4  (1957),  p.  3, 
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:<tal  attribute,  the  more  basic  the  better  . 

*  other-vise  an  essential 

““  ^  b'  *•  «».  the  Uslc 

ltlrif  aiS0UBt  t0  “  0Vera11  »®«  «f  sent  ,te.  •  *.  ,ould 
the  index  unnecessary. 

hiiitary  worth  may  also  be  measured,  not  as  an  index  or  separate 
value,  but  by  developing  several  value  measures.  Such  a  technique  S» 
used  in  missile  systems  evaluation.  Five  value  factors  are  compared 
vhen  evaluating  missile  systems:  costs,  cost  on  station  and  survive 
acility,  probability  missile  gets  to  target,  target  value,  and  some  im¬ 
measurable  subjective  factors.  Vith  more  than  cne  criterion  of  evaluation, 
these  criteria  may  be  combined  with  weighting  factions  to  obtain  a  cc*- 
/osite  criterion.  These  weighting  functions  aay  be  based  on  probabilistic 
attributions  and  thus  yield  expected  value  measures.  Various  approaches 
and  methods  can  be  used  in  measuring  military  worth  measures  depending 
cn  the  problem  to  be  approached  and  the  amount  of  information  and  oper¬ 
ational  characteristics  the  measure  must  provide.  Two  separate  authors 
writing  in  the  field  of  military  worth  have  clearly  indicated  this: 


The  proper  approach  ir.4sdi^aing  nuysrical  indicators  to  assist 
us  in  military  computation  is  to  first  decide  which  criterion 
these  methods  of  establishing  the  worth  scales  should  meet  and 

▲  ^  A/ .  a  a  i  f  e  ..  -  i  — a*  * 


to  then  design  them  accordingly,  since  the  degree  of  measurement 
•  involved  in  military-worth  studies  is  necessarily  limited.2^ 


Clearly,  there  is  no  all-purpose  criterion,  for  the  appropriate 
test' depends  upon  what  alternatives  are  open  to  the  decision- 
maker,  upon  what  aspects  of  the  situation  must  be  taken  as  given, 
and  even  upon  what  kind  of  measurements  are  feasible. 25 


^bid. 


^■.O.  Kellon,  “Priority  Eatings  in  More  than  Cne  Dimension",  taval 
*~*fc  ^  -rterly.  Vol.  7  U96C),  p.  525* 


^riitch  and  McKean,  og.  eit.,  p.  175* 
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2a  succeeding  chapters  several  dt  ♦’  . ,  , 

J  different  methods  of  developing  military 

worth  measures  will  ce  discussed  4n 

cea  an  realtion  to  the  particular  problem 

212I  the  needed  value  measure. 

\ 

.  *  t 

MILITARY  CKT'i  HKASUftjaasJT  c3i  ORS 
The  real  world  is  non-siaple,  non-linear,  probabilistic,  dynamic, 
conservative,  stochastic  and/or  irrational.  Many  of  the  assu^tion. 
that  are  made  in  military  worth  theory  are  salifications  that  are  not 
consistant  with  the  real  world;  therefore,  value  and  wo-th  measurements 
are  subject  to  error.  To  make  favorable  comparisons  of  alternatives, 
judgements  on  the  value  of  these  alternatives  and  the  risks  involved 
rust  be  made  in  relation  to  themselves  and  in  relation  to  the  estimated  ' 
ca;  abilities  of  the  enemy.  In  estimating  values,  errors  of  estimates 

t 

rust  ~e  taken  into  consideration.  Other  causes  of  possible  errors  are 
inconsistency  between  the  correlation  of  high  and  lev  level  military 
worth,  inconsistence  in  the  tests  or  criteria  used  to  measure  worth, 

the  effect  of  interdependencies  or  spillovers  when  making  evaluations 

* 

at  lever  levels,  intangibles,  and  finally  the  ;  ’•oblem  of  dealing  with 
its  associated  uncertainties.  Even  though  the.se  error  possi- 

*  j 

cilities  exist,  it  is  still  the  aim  of  the  structured  method  to  quantify 
military  values  and  to  sake  them  objective,  so  they  can  be  predictive, 
descriptive  or  optimised.  At  least  trends  can  be  seen  and  measured. 

The  measure  may  not  be  exact  or  have  exact  meaning  but  the  trend  can  be 
shown.  It  can  be  seen  if  we  are  moving  in  the  right  direction.  Rather 
than  the  absolute  or\ intrinsic  worth  of  an  entity  we  may  only  be  able 
to  measure  the  military  decision-makers  interest  cr  utility  in  an  item. 


MILITARY  V.G1TH  AI  PLICATIOliS 

k'**rLal  «rth  hav-  ^  ^  „MS- 

Or.a  of  tb.  boot  important  outage,,  f,  thst  syrtoli£  MMUW  0M  ^ 

roaipulatod  tgr  mathomatloal  foliation,.  Mathoaatloa  la  tho  only 
language  that  can  clearly,  rigorously,  and  economically  prove  the  troth 
of  tho  results  atated  verbally  in  the  main  body  of  the  tent,  gyatemtlc 
ensures  of  military  uortb  offer  thee,  additional  advantagea:  provil., 
an  objective  basle  for  dedalona,  takes  advantage  of  the  eclentlfio  at¬ 
titude  in  the  aolutlon  of  management  problems;  and,  through  died;, lined 
observation  and  rigorous  proof,  any  discover  net-  facts  and  relationships 
which  will  provide  new  dimensions  in  decision-raking.  Military  worth 
indices  can  be  put  to  use  in  many  areas,  help  establish  priorities  and 
direct  effort  to  real  problems,  help  in  the  allocation  of  scarce  re¬ 
sources  judiciously,  help  in  the  development  of  strategies  needed  for 
the  deployment  of  these  resources  to  achieve  maximum  results,  and  help 
with  the  tremendous  problems  of  uncertainty  ar.d  unpredictability  which 
can  not  be  solved  solely  on  the  basis  of  experience.2^  Succeeding 
chapters  will  discuss  some  theoretical  and  empirical  research  dealing 
with  the  derivation  of  military  worth  measures,  application  of  the 
measures  in  decision  problems,  and  general  military  decision  problems 
which  say  profitably  use  military  essentiality  measurements. 


26 

For  the  development  of  a  mathematical  technique  of  selecting 
that  weapon  system  frer  a  class  of  weapon  systems  with  a  fixed  cost, 
which  would  maximize  expected  -military  utility  see  0,-Oj  . 
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CH/J  TER  7 


Gt..-:1AL  *'-i— iTAilY  DECISION  rfiOBLEffi  A1JD  i-,LuiTART  >( 


I.  INTRODUCTION 

The  development  and  measurement  of  military  worth  and  value  pro¬ 
motes  rational  ar.d  consistent  judgements  and  provides  additional  in¬ 
sights  into  the  variables  affecting  military  decision  making.  It  is 
the  purpose  of  this  chapter  to  show  some  derivations  of  military  worth 
erasures  and  their  profitable  application  to  general  military  decisions. 
Three  general  problem  areas  are  covered  j  weapon  systems,  equipment  and 
operations,  and  rilitary  control  systems.  As  in  the  last  chapter  worth 
and  value  will  be  used  interchangeably. 


II.  MILITARY  WORTH  IN  FIXATION  TO  LEAFCNS  SYSTEMS 
The  Problem 

Feck  makes  the  following  statements  concerning  the  problem  of 
military  value: 


Le  .are  thus  confronted  with  the  problem  of  military  value; 
that  is,  with  the  need  to  rank  the  various  time-quality- 
cost  points  of  out  weapon  system  development  possibility 
mrp  in  terns  of  their  relative  military  value*1 

accomplish  this  ranking  it  will  be  necessary  to  formulate  a  military 


‘valve  function  reflecting  this  relativity  notion  in  conjunction  with 
corresponding  possibility  curves  of  time,  cost,  and  quality  associated 
with  each  weapon  system.  This  step  is  necessary  if  we  are  going  to  make 
useful  coaparison*  of  alternative  weapons  systems  and  decide  upon  courses 
cf  action.  The  goal  is  to  maximize  estimated  military  value  relative  to 


V  J£.  feck  .and  f.K.  Scherer,  The  Ueanons  Acauisiti?pJ:rsces.q| Jn 
gonoaic  Analysis  (Boston:  harvard  University  Press,  1962;,  p* 


e!ttotod  development  coete.  KlUUr,  value  i„  this  cos,  la  defined 
trc^ili-  i»  termo  of  the  contribution  ,  veopon  ayatema  a*.,  to  the 
maintenance  of  peace  or  the  prosecution  of  warfare.2 
{•'ilit.try  Value  Functions 

reck  has  proposed  the  construction  of  a  military  value  function 
Used  on  a  comparison  of  the  quality  of  one  nation*  s  weapon  system  rel¬ 
ative  to  the  quality  of  its  rival's  systems.3  This  is  based  on  the 
concept  that  the  fid  lit  ary  value  of  a  weapon  system  depends  upon  the 
quality  cf  counterpart  weapons  possessed  by  the  enemy. 

1'eck's  hypothetical  military  value  functions,  shown  in  Figure  1, 

?***  53*  are  built  up  from  mere  elemental  assumptions  about  the  value  of 

qualitative  parity  and  the  rate  at  which  enemy  capabilities  are  expected 
U 

to  advance.  In  each  of  the  graphs  shown  in  Figure  1,  the  abscissa 
measures  the  quality  of  the  rival's  systems.  A  aero  reading  indicates 
that  the  first  nation's  weapon  system  is  qualitatively  equal  to  the 
weapons  of  its  rival,  i.e,,  qualitative  rarity  prevails.  Positive 
readings  or.  the  quality  scale  reflect  varying  degrees  of  qualitative 
superiority  and  negative  readings,  varying  degrees  of  qualitative  in¬ 
feriority.3  Quality  values  in  excess  cf  plus  one  reflect  excess  weapon 
quality,  or  an  over  kill  capacity. 

The  ordinate  measures  military  value.  The  scale  0  to  100  was 
arbitrarily  chosen.  Any  set  of  numbers  would  have  been  appropriate,  > 


3A  detailed  development  of  the  ccntruoticn  of  the  military  value 
function  may  be  feund  in £73  ,  Appendix  A,  pp.  602-63®* 

*r*ek  and  Scherer,  oj».  £ii*»  P*  632.. 


jqenJinC  in  practice  upon  tho  absolute  payoff  a  associated  with  varying 
itsTtcc  of  success  and  failure  in  coabat.  Total  unsuccessful  cocfcat 
operations  equals  zero*  Total  successful  conbat  operations  equals  one 
hundred# 


^ee23»EEr* 


smn 


r-.ritv  junctions 


Three  T-H,  function,  are  skov„  in  ^  ^  ^  ^  ^ 

'•“CateS  a  Str‘i£ht  lln'  '!uait>'  CODTarison  of  disparity  betv„„  th> 
f.r  nations  veapon  system.  The  «ir.ilinear 


qualitative  inferiority  can  be  off-set  to 


some  extent  by  quality,  tactics. 


etc.,  but  that  such  trade-offs  become  increasingly  uneconomical  as  the 
quality  disparity  increases.  The  two-value  parity  function  demonstrates 
a  case  when  the  slightest  quality  disparity  between  rivals  is  militarily 
decisive.  This  third  parity  function  illustrates  two  important  points, 
rirst,  in  some  instances  a  small  difference  in  quality  of  a  weapon  sys¬ 
tem  can  mean  the  difference  between  success  and  failure.  Secondly,  we 
nus.  diversify  weapons  so  that  no  one  weapons  progras  spoils  *the  dif¬ 
ference  between  success  and  failure  or  between  peace  and  war.  As  can 
be  seen,  the  shape  of  these  function  is  critical  in  the  determination 
ci  military  value  measures.  Feck  states  that  the  shape  of  the  parity 
functions  cannot  be  specified  further  without  additional  empirical  data 
cr.  the  consequences  of  various  quality  advantages  in  combat  and  on  the 
rate  at  which  an  enemy  is  improving  its  weapons  capabilities,^ 

Parity  Function  and  the  Time  Dimension 

The  parity  functions  describe  the  relationship  between  two  variables, 
relative  quality  and  military  value.  A  third  variable,  time,  can  be 
•  added  by  combining  the  parity  functions  with  some  data  on  expected  en¬ 
emy  qualitative  capabilities  over  txatj  The  introduction  of  this  ad¬ 
ditional  dimension  is  necessary  because  a  weapon  system  of  any  given 


* 

Ibid.,  p.-  285. 
?jbid. »  P«  ^34. 
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quality  wili  rrovide  an.  level  of  effeuUveneee  relaUve  to  the 
incr^asinf  capabilities  is  constantly  decreasing.® 

•  ricrity  Ladders 

V.eapon  program  can  now  be  ranked  on  a  priority  ladder  according 
to  their  net  military  value  as  obtained  free;  the.  military  value  function. 
Frcn  ‘-.ms  priority  ladder  procurement  programs  can  be  established.  How¬ 
ever,  v.crking  with  priority  ladders  in  practice  is  extremely  complicated, 
since  the  exclusion- of  marginal-programs  from  the  procurement  list  may 
influence  the  military  value  of  programs  still  on  the  list,  causing  re¬ 
adjustments  in  the  individual  program  optima  and  possibly  a  further 

change  in  the  acceptability  of  programs  at  or  near  the  argin.^  Given 

\ 

the  ir.tenea'ctions  between  programs,  setting  individual  program  and  over¬ 
all  defense  budgets  becomes  a  complex  general  equilibrium  problem. 
Benefits  To  He  Derived  From  This  Model 

An  intuitive  grasp  of  even  extremely  single  problems  of  weapons 
selection  and  procurement  is  beyond  the  power  of  most  humans.  The.  model 
provides  a  systematic  method  for  calculating  the  effects  of  several  vari¬ 
ables,  bringing. explicitly  to  light  assumptions  underlying  the  analysis, 

and  providing  insights  into  the  problem.  Insights  have  several  values. 

/ 

First,  they  give  a  clearer  perception  of  the  trade-offs  made  in  weapons 
decisions.  Second,  the  explicit  recognition  of  these  trade-offs  in 
actual  program  decisions  may  provide  substantial  benefits  in  terms  of 
, ieproyirg  ike  allocation  of  national  defense  resources.  Finally, 


Ibid.,  p.  271. 

9Ibid..  p.  285. 
^0Ibid..p.  286. 
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--,l:ila* **r*f  Military  value  on  a  ran*v  y...,.  ..  ...  ,  . 

*ar*‘?  fc*J-  —  er  lice  leads  to  the 

;-, c: *•--**  that  the  United  Stages  (as  *  nation  whose  values 

uv,;:;-  pw:lJie  aggression?  must  be  Spared  for  the  worst  at  all 

.  t^ec  v.y  having  a  diversified  inventory  of  weapons  as  technically  ad. 

vir.-.vi  as  possible.*1 

ili.  i’uL.TAr.Y  V.03TH  I!.  RELATION  TC  EQUIrKEKT  AXD  OPERATIONS 
Military  .Value .  in.aelatior.ship  to  Military  Objective^ 

■•ritin  has  postulated  another  net  hod  of  attaching  military  values 
-fc  eq-ipaent  in  relationship  tc  solitary  operations  and  missions.  It 
is  based  on  the  intimate  end  intricate  relationship  that  exists  between 
solitary  strategy  and  military  value.12  In  V.hitin's  system  knowledge  of 
the  relative  importance  of  certain  object  ives^  combined  with  a  careful 
analysis  of  strategies  available  to  both  cne-s  own  forces  and  the  eneey 
rakes  possible  a  formal  evaluation  of  the  werth  of  items  of  military 
equipment  in  many  situations.13  This  analysis  ef  the  strategic  aspects 
of  the  situation  oust  precede  the  assignment  of  a  complete  set  of  mili¬ 
tary  values  tc  the  various  equipments. 

■lame  Matrices  -  . 

.The  type  of  formal  analysis  used  in  this  case  is  that  provided  by 
— ;”crl.‘eu£ann 1  s  and  Korgenst ern’-s  gaming  theory. Game  matrices  are  de¬ 
veloped  based  cnvsrious  sets  of  assumptions  concerning  the  relative 

U;bid..  p.  294. 

**T.K.  fcfcitin*  The  Theory  of  Inventory  Management  (Princeton: 


1  T.K.  Kfcitin,  The  Theory  of  Inventory  Management  (Princeton: 
frinceton  University  -Press,  1953}* 

:  -  "l3Ibid.y  P.  190.  ' 

&J.  VenKeumtti »  and  0.  Horgerstsm,  Theory  cf  gaMajsaJSg»S^£ 
fehavlor  (frinceton  Princeton  University  Press,  <.953/ • 


i*jort.wce  o.'  objective.  and  opportunity  coat..  Opportunity  co.t  1. 
defined  hero  as  the  coat  of  fo.-ejelne  of  jliacs,  tanka,  or  .one  other 

*“*  °f  '!,Uir“nt  f°r  *41iti<“1  iteM  such  as  ship,.  n.  difficulty 
.rises  here  in  explicit!,  atatinc  the  relative  importance  of  objcctlw. 
or  plosions  before  ..dlitarjr  value  and  subsequently  strateeles  and  pro- 
duoticn  plans  are  chosen.  In  the  usual  'process  of  decislen-makine 
assumption.  never  have  to  be  explicitly  stated,  yet  they  must  be 
sale  implicitly  or  the  decisions  could  not  be  made.15  having  established 
tfc-  gar-  matrices,  parameter#  can  be  varied  to  determine  the  effect  on 
the  mission  or  objectives,  military  values  assessed,  program}  evaluated 
aid  courses  of  action  chosen,  . 


Here  as  elsewhere,  the  determination  of  micrc-and  macro-military 

values  remains.  It  is  succinctly  stated  by  Vhitin  as  follows: 

The  problem  that  remains  unsolved  here  as  in  other  aggregative 
sconced c  models,  is  whether  the  system  can  be  reduced  to.  man- 
age  able  size  and  still  describe  the  significant  relationships 
between  the  important  variables  of  the  problem.  Kacro-economic 
problems  have  to  a  large  extent  been  neglected  in  research  in 
game  theory,  a  micro  approach  to  games  being  in  general  use. 
Yet,  if  game  theory  i>  to  be  of  use  on  a  national  economic 
level,  the  problem  of  constructing  manageable  yet  realistic 
models  must  then  be  of  extreme  ins;  ortance*1® 

The  aggregation  of  micro-military  values  to  obtain  macro-military 
value 3  is  complicated  by  the  many  interfaces  and  interrelationships  in 
and  weapons  systems.  .  Complementarity  exists  between  weapons.  As 
a  result,  incremental  military  value  calculations  for  one  weapon  system 
rwn  the  risk  of  error  due  to  changes  in  other  programs.  Similar 

••hit  in,  og,  cjd»  p*  205, 

P.  207. 

‘  f?eck  and  Scherer,  0£.  clt.,  p.  283. 
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•  eiationshipo  exist  between  both  the  cvt  nnd  ~  ... 

cxt  and  <F»lity  dimensions  which 
rusher  increase  the  complexity  of  the  problem 

.  IV.  fclLXTAST  h'CitTK  Al.D  EXECUTIVE  SYSTEMS 
Need  For, Executive  System  SvaltiaH^ 

r.l.  roi«ra  to,  points  out  tu  „«j  for  „tlMtSn(, 

raciiir^  iiffering  military  control  syst-rc  by  thslr  nilltcry  wluc.1® 

Silitwy  control  system*  «r,  dcfta*  hero  as  those  «ccutl».  systml 

ccnsictlns  of  central  cocratinr.  elements  which  ere  connected  to  com- 

nunicaticn  circuits  of  the  teletype  variety  and  t,  display,  wbich  shoe 

infen  ation  in  synSoUc  or  alf.habetiCHiu.erio  forn  or  uhich  provide 

pitted  data.  The  need  for  evaluating  the  military  worth  of  these 

executive  systems  was  stated  as  follows: 

The  existence  of  constraints,  particularly  Halts  in  funds, 
is^a  condition  which  poses  sharp  questions  of  value  and 
Itary  worth  in  respect  to  total  cost,  rate  of  funding, 
proportions  and  shares  of  resources  in  relation  to  other 
,  competing  demands,  the  capabilities  that  will  be  produced 
by  the  effort,  and  cany  others.^ 

The  Frcblwy 

J-.ellon  indicates  that,  stated  in  its  step  lest  terms,  the  problem 
«f  valuing  the  executive  systeas  is  this :  •  given  a  nuaber  of  points 
representing  atternatives  which  exist  in  a  space  whose  dimensions  are 

>  r 

the  evaluation  or  appraisal  of  the  alternatives  in',  terms  of  particular 
attributes,  how  are  these  alternatives  to  be  ranked?2®  The  static 
16 

P.L.  Folsom,  "ililitcry  Worth  and  Systems  Development",  Hava! 
aSsgsrct  r.»»r»>t.|7i  Vol.  7  (I960),  pp.  501-5011. 

1?Ibid.f  p.  505,  • 

'  2C'-.<1c  keilens  "A  Selected,  Descriptive  bibliography  of  References 

en  f ricrity  Systeas  at*d  Related,  Fon-frice  Allocations",  Naval  Research 

.i^ltics  .Quarterly,  Vol.  5(1958),  F-  515. 
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pct-*c  *s  enough,  but  the  additional  dimension  of  time  mist 

te  ccariicrei  as  it  exerts  an  cver-insr easing  influence  on  the  worth  of 
jay  system. 

y^arv  Value  Criteria 

rolsoa*  suggest  a  subjective  evaluation  based  on  certain  value 
criteria,  rather  than  a  rigorous  mathematical  derivation  of  military 
r*lu*.  To  assess  and  compare  the  military  worth  of  executive  system*, 
fce  has  reccsaer.ded  that  different  systems  be  coejpared  with  one  another 

ca  various  criteria  of  desirability,  such  as  cost,  dependability, 

5  21 
Maintenance,  feasibility,  versatility,  uniqueness,  and  so  on,  Thi* 

i  .  •  . 

illustrates  that  military  worth  can  be  derived  by  many  methods  and  taka 
any  forms. 


if  ^Polsba,  ©£.  At.,  pp*  IP-?-1* 
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CKAPTB2  VI 

KIUTAKY  ’..'ciiTH  AID  L05ISTICS 


I.  IkTiiCDUCTlOK 

Military  Hanning,  Areas  and  th*  Lorlst^  tww1tm 

';3B“7  rl™^C  C0Mr»  Oasic  .*:  strafe,  UctlcU, 
ai  iosiaticl.  Strategic  planning  1,  leg  ^  ^ 

execution.  Tactical  planning  deals  ij,  direct  er.em,  contact  and  ite 

i^Jiate  operatione  support.  logistical  planning  is  concerned  niti 

2~  «i«‘»  of  niUUl>'  t"Ft»rt.  There  exists  a  close  interelatloni 

i 

5hip  between  these  three  areas.  A  logistic  operation  consists  in  the 
iipply  of  definite  quantises  cf  physical  ceane  and  services  for  activ¬ 
ities  that,  according  tc  their  missions,  -consume  these  means  and  ser¬ 
vices  In  order  that  the  activities  be  maintained  at  particular  present 
or  expected  future  rates.1  Korgenstem  cakes  the  following  statements 
concerning  the  logistic  program  and  the  feasibility  of  certain  solutions 
to  it:  • 

Logistic  problem  is  to  identify  in  detail  expected  requirement. 
After  the  identification  has  taken  place,  the  quantities,  cor¬ 
responding  to  the  rates  of  the  various  ccsjonent  phases  of  the 
activity,  have  to  be  computed  in  such  a  manner  as  to  sake'  the 
entire  supply  plan  an  "optimaa?  (e.g*,  minimising  time,  or 
co3ts,  or  tonnage  used,,  etc.,  or  combinations  of  these),  under 
the  constraint  that  the  desired  rates  should  be  cet-within 
stated  time  lirdts-with  soar  specified  probability.  The  comp¬ 
utation  will  show  whether  the  activity  can  actually  operate, 
i.t*.,  whether  its  operations  are  feasible  at  the  desired  rates.2 

C.  Morgenstem,  “l.'ote  on  the  Formulation  of  the  Theory  of  Logis- 
*,*C£%  Kayal  Research  Logistics  Cuarterlr.  Vol.  2  (1V55).  P*  130* 

.2|bid. 
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hiterial  logistic  Conaoditics  Defined 

1C£iSti?  *  *«*d  as  the  following  basic 

logistics  items  and  functions;  general  supply  iK  rcedical  supplies, 

technical  repair  parts,  fuel,  awauniticn,  and  the  raintenance  and  repair 
functions.  As  in  the  case  of  any  lcritic  commodity,  there  are  problem 
cf  estimating  pure  requirements;  deter: uning  best  or  at  least  accept¬ 
able  stock  levels  and  resupply  requirements  to  meet  strategic  and  tac¬ 
tical  needs;  identification  of  constraints  and  their  explicit  inclusion 
in  the  determination  of  stock  levels;  the  evaluation  of  strategic  and/or 
tactical  capabilities  in  light  of  cc—oiity  availability,  etc.3  The  gen¬ 
eral  -  rollers  areas  are  very  similar  if  not  identical  over  all  comnodity 

are.,i;  severer,  some  specific  and  detailed  problem  vary  froza  one  corsmod- 
ity  to  another. 

Hesuirecents  Determination  (Deterministic  Approach  vs.  ProbabiL. atlc- 


«pproach) 

-etermination  of  requirements  is  at  present  based  cn  a  determin¬ 
istic  approach  rather  than  probabilistic  approach.  Current  tethodology 
uses  the  three  factor  netfcod*  shown  is  Appendix  G,  originally  developed 
~y  the  Log.  Stic  Research  Project,  Ceor.ce  ..ashington  University.^  The 
Three  Factor  Method  is  a  device  used  in  logistics  planning  which  in¬ 
cludes  a  systematic  format  with  conpil :d  and  refined  planning  factors 
for  its  use,  and  which  cakes  exp  licit  quantitative  use  of  command  Judge¬ 
ment  both  in  estimating  requirements  and  in  transmitting  these  estimate* 
ether  echelons. 

3Iogisti  s  Research  Project,  George  Washington  University,  grv£X 
gf  .Command  logistics  rrobleac  (Report  Serial  7-161,  1963),  PF* 

;C.  Stein,  -Briefing  cn  the  Logistics  Research  Program  of  the 

i*v7*,  Saval  Research  Logistic  Quarterly,  Vol.  5  (1958),  P*  "i2?* ; 


.he  Three  factor  Method  is  not  a  good  nodel  for  deterring  require- 
-entc..  The  method  does  net  consider  t.i,o  relative  importance  of  different 
conr-ciities,  constraints  (such  as  cost  weight,  space,  etc.,  which  depend 
Cr.  the  context  of  the  problem  and  objectives)  of  stocking  various  com- 
-Cities,  and  no  reflection  of  rise  of  the  variance  or  deviations  from 
the  exacted  requirement  for  each  coniTcdity  are  provided  for.  Addition- 
all",  uncertainty  associated  with  almost  all  logistics  problems  is  not 
adeous  eiy  jrovided  for  in  the  Three  Factor  Model,  If  "best"  stock 
levels  are  to  te  determined,  the  concept  of  military  worth  and  risk  and 
their  associated  measurement's  must  be  considered.  A  suggested  factor 
method  cf  dealing  with  these  problems  is  shewn  in  Appendix  D.  For  con¬ 
venience  this  method  will  be  called  the  Four  Factor  Method.  losses  are 
associated  both  with  under  and  overstockin',  tnlerstocking  has  losses 
reflecting  a  strategic  value  or  military  essentiality.  >;epstocking 
has  similar  losses  associated  with  it  due  to  constraints  of  the  problem, 
such  as  funds,  space,  weight,  etc.,  which  might  otherwise  have  been  used 
in  providing  other  essential  ccmr-oditief  The  Four  Factor  Method  de¬ 
velops  these  values.  The  stocking  objectives  for  the  basic  commodities 
ray  then  be  to  minimize  an  expected  loss  function  which  includes  losses 
due  to  understocking  and  overstocking  and  the  associate..  probaoility  of 
each. ^  Further  complications  come  from  different  kinds  of  ships,  dif¬ 
ferent  kinds  of  missions,  usage  rates,  initial  out.ittinb  reord 
quantities  and  points,  substitution  possibilities  and  traae  offs, 
supply  system  requirements,  stock  levels,  and  procurements. 


^Logistics  Research  Project,  e£.  cit.,  PF*  l6"17* 
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‘1“v  iUy-  ?,r*  k-JMtar.t  rclv  ir.  logistic 
'  "  *-'r‘  *r>-  rainier  of  this  chapter 

••  '  •  "‘l  ‘  '•  ~v  ^V'v:*c  r“illlt‘fy  logistical  decision  problems 

.  ..  jt  ,.:*v*Uy  -  r*  ia.-2itnry  «r:-ntiality  measurements  ir.  their 
r‘r'  '11  'cvtr'“  tc  priority  indicators,  alio- 
•'  :  .  .  inventory  control,  and  :.ainten  ar.se  of  allowance 

.  *  ,  A  *  f. 

il.  I  lilCRITIES 

.  .  ; :  ;  i  ;-  _  the  l-vistl*  s  System 

.  .*  i  j  l'*m  -f  the  logistics  system  ip  clearly  defined  by 
.1  :.  :<  13o»s  : 

the  <‘ntcuntered  in  the  desirn  of  an  optimal 

military  nujplj  oyct-.a.,  the  ruorticn  of  ar.  efficient  priority 
a]  lo.  .t  ion  tyrt*  si  locms  as  or.e  of  major  importance.  This 
!. ..  b*<n  .♦••nerally  recornir.cd  by  serious  students  of  ndlitary 
t.  ,  )y,  time  th-.*  treakdovr.  of  priority  systems  has  proved  a 
:.„.j  r  /.ounce  of  ii.ffiv.uity  to  the  military'  in  past  emergen- 
.*  u-r  .t 

us  i‘:u.  ,L*f  taken  to  me  ar.  all  indicators  of  relative  desirability 

;  f  :  ci*  no  twitter  what  decree  of  measurement  they  ccntain-that  is, 
they  represent  a  simple  ordering  of  alternatives,  an  ordering 
.  *:.t  t  ;:..j  le  or  compound  distances  between  alternatives,  or  a  numerical 
>  ,vi  Unal  or  cardinal)  which  is  applied  to  the  alternatives.  A  pure 
:ystea  is  one  which  Us  nc  quantitative  re&fcMctior.s  on  the  use 

-vrllcn.  "A  Selected,  Descriptive  Biblicgraphj'  e 
'  •  •  •:  i».y  fyttems  and  Helated,  Ncr.-Tricc  *-)  r..-^-irr  a” 

j-y:^  .^arterli,  Vcl,  5  vl?S*>.  F-  17.  an  addition  to  F;-*^ *  s 
-;:i:cr.:ivr  bibliography  or.  the  prior itpj re. ^  cr  XMnty  of 
f. r  *.h-  cou.Mr.at icr.  cs  mcr.ey  ‘  iealL-.r  with 

w ‘ thin  the  frame  work  of  the  .hec. ^  v. 

'--ret;.  alloco-ticn  problems.  t 
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of  the  priority  Indicator*.  In  this  section  preference  systems  with  , 

quantitative  element  will  be  referred  to  as  allocation  schemes  and 

j reference  systems  without  quantitative  elecents  will  be  referred  to 

7 

as  priority  scheme*  ^ 

«e  cf  •reference  Systems. 


The  purpose  of  ary  preference  system  is  to  provide  a  method  of 

cere  efficiently  utilizing  scarce  resources.  To  quantify  preference 

systems  through  the  use  of  military  worth  indicies  would  help  to  better 

the  allocation  of  resources.  Young  stresses  the  importance  of  such 

quantification  in  th*.  following  statement: 

An  optimum  distribution  of  materials  car.  be  achieved  only  ' 
through  some  quantitative  system  of  allocation.  Therefore, 
to  insure  that  all  direct  and  indirect  resources  .are  used 
in  the  most  efficient  manner,  some  quantitiative  elements 
must  be  introduced  into  the  priority  scheme.  The  quanti¬ 
tative  allocation  is  necessary  and  sufficient  for  the  in¬ 
suring  of  the  optimal  utilization  of  all  resources.8 

Less  than  optimal  delivery  detracts  elsewhere  from  the  system.  Yeung 

goes  cn  to  state. 

‘  If  we  can  now  demonstrate  that  there  must  be  a  quanti¬ 
tative  element  in  the  solution  of  the  problem  of  si- 
locating  the  direct  resources  of  the-*ttt«a,  we  will  have 
shown  that  any  system, of.  (non-quantitative)  priorities  » 
inadequate  for  the  task  of  controlling  r*^our<* 
whether  one  approaches  the  problem  from  the  side  cf  dire 

or  indirect  resource*.” 

Preferences  -  oyster:*  and  Military  Worth 

:  reference  systems  and  military  worth  are  inextricably  entwined. 
Ey  using  military  worth  measurement  techniques  a  weak  interval 

Vk.  Young,  ’'Priorities  in  the  Kaval  Supply  System", 

Research  Loristics  Cuarterly.  Vol.  1  (195&)#  P* 

^Ibid..  p.  a.  . 

9Ibid..  p.  19. 


cf  prcftWK.  con  bo  4bv.l0p„d.  Tho  intorort,  r»thor  th«  opU- 
oiratior..  which  My  not  L  Fossihl,  with  tho  pracrt  oUte  of  th.  art, 

<s  improvement  in  the  hardline  of  military  lcEirtic  problem. 

Hanking  Alt.ernati.vc8 

military  Logistical  problems  have  various  alternative  approaches, 
vhese  payoffs  are  not  single  values,  but  a  set  of  vectors.  It  is  neces¬ 
sary  -c  rank  there  alternatives  by  some  degree  of  measurement.  The  prob¬ 
lem  is  to  rank  alternatives  represented  by  a  number  of  points  whose 

dimensions  are  the  evaluation  or  appraisal  of  the  alternatives  in  tenw 

’’O 

of  particular  attributes.*  Mellon  states  that  just  as  the  number  of 
pieces  cf  -information  necessary  to  yield  a  complete  order  increases  ra¬ 
pidly  as  the  number  of  dimensions  and  the  degrees  of  measurement  in  each 
dimension  increases,  so  dees  the  strength  of  the  criteria  needed  to  ob¬ 
tain  a  complete  order  of  the  alternatives.**  ' 

Trinity  Preference  Schemes 

Measurement  and  development  of  priority  schemes  using  military 
worth  scales,  at  least  to  the  order  cf  ordinal  ranking,  can  be  devel¬ 
oped  by  the  method  of  introspection,  by  direct  questioning  of  com¬ 
petes*  personnel  in  relation  to  the  effect  alternatives  have  on  & 
ciesion,  a  measure  of  the  relative  distances  between  the  attributes 
cf  alternatives  in  particular  dimensions  can  be  obtained.  Care  must  be 
takes  in  attributing  to  these  numerical  scales  more  information  than 
they  really  possess.  Ordering  does  not,  and  can  not,  establish  a  con- 
tis-cus  meaningful  numerical  scale  for  the  alternatives;  meaningful  in 

^Mellon,  ojg.  cit.,  p.  J15* 


tlat  11  ““  19  :nlJ  ttat  alternative  U  each  «,  such  . 
^•.a,-e  greater  than  another,  ariering  nill  iMlcat.  a  .ingle  -test, 
alternative  iron  a  croup  and  prove  eaU.factorj  for  ...  as  a  priority 
frei‘*^nce  scheae* 

.ill  oration-  Preference  Schgoga 

A  aethfti  of  developing  allocation  preference  scales  reflecting 
worth  of  various  components  was  suggested  by  Vhitin  in  which 
it  it  imagined  a  military  game  exists  in  which  certain  of  our  forces 
are  .opposed  to  forces,  of  the  enery.12  The  value  of  the  game  to  us  can' 
be  calculated,  as  well  as  the  additions  to  this  value  which  result  from 
having  additional  forces  in  action.  Thus  we  have  a  numerical  measure 
cf  the  military  value  of  a  particular  weapon  or  unit  in  a  particular 
position  which  was  directly  derived,  rather  than  having  been  determined 
-7  the  question  method  and  which  can  be  used  to  guide  civilian  produc¬ 
tion,  to  determine  the  relative  emphasis  to  be  placed  on  the  production 
of  various  sorts  of  weapons,  and  .so  on.*^  Little  can  be  said  about  the 
solution  of  the  game  by  mere  orderings  of  objectives  by  the  competing 
parties.  Eut  a  comparison  of  the  sensitivity,  of  the  outcomes  of  the 
£*se  to  changes  in  the  matrix  of  coefficients  compared  with  the  degree 
of  measurement  which  we  possess  on  the  ranking  of  alternatives  by  the 
competing  parties  may-  yield  us  important  results.**1  The  values,  in 
terms  of  which  maximisation  of  results  or  minimisation  of  cost  is  to  be 
Mccsjiished,  lead  to  the  establishment  of  allocation  preference  schemes 

i  •.'liitin.  The  Theory  of  Inventory  Kanai'eaent  (rrinceton._^ 
rrincetcn  University  Press,  1953)*  ~ 

lh* Hop,  <£.  cit.,  p.  525. 

‘  *.  526. 


actions  and  sequences  of  actions  (operations)  within  the  logistical 

d^aTiication  • 


«  :-xgcaution  ' 

Since  priorities  can  be  set  and  scs.etin.es  have  to  be  set  simul¬ 


taneously  at  different  levels  of  the  keirarchy,  contraditions  and  in¬ 
consistency  can  easily  develop. 


Hi;  ALLOCATION  OF  EQUIFJ-23C?  IT  '3 LX? ARY  l.GILTH  L'.DICLSS 

**,  «  *  *  •  ^ 

Allccation  Problem  . 

The  allocation  or  assignment  problem  is  one  of  the  more  important 
Logistical  problems  requiring  solution.-  Aunann  states  the  general 
allocation  problem  briefly  as  follows: 


b'e  are  given  a  system  with  a  number  of  vacant  positions  and 
and  equal  number  of  available  parts.  know  how  veil  each 
part  performs  in  each  position;  we  wish  to  assign -the  parts 
.  . . _ ♦Ws.4-  -.arfcrmanoe  is  ontindzed. 


•  » 

assignment,  to  naval  overhaul  programs. 

Le  shall  concern  ourselves  with  the  specific  problem  of  procuring  and 
allocation  of  electronic  equipment  for  ships.  The  problem  is  complex 
aid  involves  hundred  of  ships  of  various  classes  and  many  available 
types  of  equipment.  .  All  kinds  of  complex  relationships  exist  within 
^ betwkn  the  ships  and  the  equipments.  Because  of  the  expense  and 
dangers  involved,  haphazard  or  inefficient  ;dlocation  plans  .ho 
replaced  with  a  core*  systezalize*  approach.  A  systematic  «J*1,  i 
technique  for  obtaining  acceptable  allocation  plans  has  been  P*4 

byjiunann  and  working  for  the  Princeton  University  Bcsearch Team. 


'■-I  -V  J-  ,  .  .  p  KMJ«kai  <e-h8  Coefficients  in  an  nllocatio 

.  Aiaaann  and  J.B.  Rruskal,  *«  Vol  5(1958),  F-  211* 

FrcbiemH  ,  r^vk\  Research  Vol‘ 


“i.Zs  si^s- i'5 '  " 


Cnly  a  description  will  be  (>lv*n 

r,,n  Por  a  Mr.  drtrttad  preMn. 

tatier.  pee  [ttj  .  ^27|  ,  and  J57J  . 

Basic  Concert  of  Auaannta  -Mode| 

The  basic  idea  of  this  model  is  that 

tnat  y*1Um  or  weights  are  assigned 

various  factors  and  by  combining  these  ■ 

ns  wight,  .  a »rtcil  miUtaiy  Tala. 

^  d''',l0prt  f0r  Mcfe  “»?  to  ...ija  .lch 

“tel-  ”*  “th0d  °f  —M**  iaodela  1.  wlrt 

otU  tfc,  «  cf  weights  ^corresponding  to  the  sssipMat,  »„  _ 

by  use  cf  linear  programing  techniques. 

The  task  of  solving  this  large  complex  allocation  problem  is  ecu. 
cidered  to  be  composed  of  two  separate  jobs:  the  combinatorial  or 
sathesatical  jcfc  and  the  naval  judgment  job.  The  method  does  not  re- 
Jlace  qualitative  naval  judgement,  but  simply  finds  a  more  effective 
wy  of  using  it.**  ,  \ 

Cvgr-a_l  ---ilitary  worth  Index  and  Position  Factor* 

The  development  cf  acceptable  allocate-  plans  gives  rise  to  the 
used  to  develop  an  index  which  combines  the  variables  and  reflects  the 
^alue  of  allocating  the  various  pieces  of  equipment  to  certain  ships 
or  positions.  The  index  is  called  the  over-all  military  worth  index. 

•o  -sve^cp  this  index  and  to  reflect  the  complex  interrelationships 
-*tveer.  positions,  three  basic  notions  or  position  factors  were  used, 
casir  notions  are  priority  (hIP  height),  state  {Utilisation  of 

.  <  i  - 

'  16. 

*.  Smith,  »A  Plan  to  Allocate  and  Precure  Electronic  Sets  by 

Z*  **near  Programming  Techniques  and  Analytical  Ketbods  of 
...  Values  to  Qualitative  Factors".  Naval  Research  Logistics 

'-oi.  3  (1956).  If}. 


t,  . 

and  Eruskal,  on.  cit«,  p.  133. ! 


tenures  -.'eight),  and  goodness  Mntt  „ 

'■  '-eight)."  frierltr  refers  fa> 

tie  intrinrie  iipcrtance  of  t|,»  .  7  "  *° 

'  -  i  -  ■  -  *U*U‘  -,,ich  »  IMUSe.  1.  to  MfflJ 

stale  refers  to  the  r-cd.l  that  io  alroady  i*uu*i»  th  " 

qaestirn.  Goodness  refers,  roughly  — *  ' 

.  ••=  :i&4:  a-  .  .  E  ^  t0  **•  "‘it.Miity  Of  the  •  ■ 

;;i,a?feut^iel8. t0  -f^sitien  inqueatioiu  ';i  ,  ' 

••?er^a^S§f.-.the-^r--lii  Military  r „iu  /  \ 

.  ^  '&“ntMy  d“0rlfUOn  0f  *-  «■»  —an  unitaiy  „crth  ^ 

®  “CiCh‘  i=  *  -  of  a  dWiv. 

of. Koval  Opcrstions;  called  the  katortn-lopro,^^,. 

itCiCiM  of  questioning  *  holm 

a-4?!-’0— Fr“  th“e  dCcl5'l0M  *  oatheoatical  function  i,  de-  .. 
>^r:  ^vhioh  a  quantitative  value  for  niliUry  vorth  is  d,temi™d.  ' 
„;ne  ccncejt  of  eoodneas  is  in  reality  associated  »itk  pirs  consisting 
of  anod^l  and  a  position,  rather  than  Just  with  positions}9  The  in- 
Igvensnt  ueiEhts  of  the  goodness  factor  are  developed  ty  a  questioning 

a  yes-or-no  decision  from  an  officer,  or  a  ' 
of-pf^lfSe  responsible  for  caking  allocation  decisions.20 
twstlqna  rust  he  phi*a3od  as  realistically  as  possible  to  present  actual 
ntuafiens  which  the  Board  can  readily  picture,  so  as  to  cake  it  as  easy 
^  . 

ln  ,,  -;‘J.  Amann,  "Assigning  Quantitative  Values  to  Qualitative  Factor 
Vol.  t  1(^}E1*Ct2°riic  i’roblett',»  h'aval  Research  Logistics  Cuarterly. 

:• '  ‘  .  '  t 

■>  '  ■  ; 

showed  that  inconsistencies  in  answers  of  the  Eoard 
nature  when  aggregating  results.  Cne  of  the  basic 
ip^his  fcethed  is  that  it  is  assumed  you  can  go  frea  stall 
4j:  to  a»re  complex  allocation  problems  by  a  cathenatical 

■  ction  •  -  ?or  additional  assumptions  see  Q?6J  and  p7]  • 


a$  feasible  for  the  Board  to  consider  all  relevant  factors  in  arrivii  j 
at  a  decision.  Decisions  are  made  in  response  to  hypothetical  allo¬ 
cation  problems  of  a  very  small  size,  usually  involving  no  acre  than 
iwc  sets  of  electronic  equipment  and  two  possible  ships  to  vhich  they 
could  be  assigned.  Because  of  the  small  size  of  the  problem  these 
officers  will  be  able  to  reach  a  decision  solely  on  value  judgments,' 
experience,  and  knowledge.  The  utilization  of  features  weight  la  ob¬ 
tained  in  a  similar  manner  based  on  models  of  equipment  already  installed 
in  ;Ke  position  before  contemplated  allocation,  but  because  of  practical 
■and  theoretical  objections  it  is  not  included  in  the  formulation  of  the 
over-all  military  worth  index* 

The  over-all  military  worth  inde^  is  developed  by  multiplying  the 
K2J  £  eight  by  the  Improvement  height.  The  multiplicative  function  is 
used  because  it  is  better  suited  for  equipment"^  signment.  •  If  the  addi- 

*  V 

live  function  were  used,  it  would  develop  that  if  a  very  valuable  piece 
of  eqcijmer.t  were  assigned  to  a  worthless  operation,  the  value  of  this 
assignment  would  be  the  value  of  the  equipment  itself,  whereas  the  as¬ 
signment  should  be  valued,  zero.  The  process  of  multiplication,  on  the 

other  fcani,  introduces  the  concept  that  the  value  of  the  equipment  and 

21 

of  its  location  have  special  internal  relationships. 
ucnuut^tbcn  of  An  Optimal  Assignment  * 

The  indicies  thus  developed  are  used  as  matrix  coefficients  in  the 
confutation  of  an  optical  assignment  problem  by  linear  programming, 
where  constraints  are  imposed  by  the  number  of  each  tjpe  cf  equ-pme 
which  is  on  hand  and/or  may  be  purchased  out  of  a  limited  bu-getary 


«umann,  og.  cit.,  p.  4. 


-••-rciriaticns.  Aumann  proved  by  cxn<*riit'**>t  ,«  . 

'  '■*»  ■  ruunt&Uon  that  using  this  method 
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hid  bwn  obtained  by  purely  subjective  hand  r.ethcd« 
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taulsgiog* 


--jective  problems  of  the  kind  considered  hm  can 'have  no  unique 
-correct  elutions.  The  technique  outlined  in  just  a  way  to  go  about 
firdins  acceptable  allocation  plans.  The  purpose  of  the  method  described 
is  sot  to  replace  the  system  of  military  command  by  a  mathematical  sys¬ 
tem;  it  is  to  transform  a  command  decision  which,  because  of  its  enoraou* 
cccplexity,  must  now  be  made  on  a  largely  haphazard  basis,  into  a  set  of 
less  complicated  ccsacand  decisions,  each  of  which  can  be- decided  intel¬ 
ligently  on  the  basis  cf  the  military  judgment  and  experience  of  the 


deciding  officers.  Thu*  quantitative  decisions  on  a  high  level  are  based 

it  least  in  part  on  subjective  qualitative  decisions  on  lower  levels. 

<-  “ 

IV.  LW2JTCRY  C0I.7RCL 
Invent  cry  Control  Problem 

The  inventory  control  problems  facing  the  Department  of  Defense 
are  knotty  problems  and  in  many  cases  have  no  well-defined  solution. 
Khitin  describes  the  nature  of  the  problem  as  follows: 


■\ 

^Auaann  and  Kruskal,  ou.  cit.»  pp.  122-123. 


"These  problem,  aside  from  b-*ia/» 
encountered  by  the  ordinary  coaPlex  than  those 

aoly  more  difficult  than  those  co  jider“ 

non-profit.  organizations.  The  other  **!**  of 

situations  that  my  arise,  with  of  **>• 

auration,  and  even  the  nature  of  *?  tiT  of  ori«i«, 

out  parallel  in  other  enterprises  w«%?Lalao,,t  vith~ 
agencies.  There  are  intricate  inter^t^ti°2$'  *** 
and  these  interactions  will  theaseSef  ^  °f  th#  dec*s*ons  . 
the  assort  lens  made  as  to  thel^tur* J2lT.Sf8*tlar  ^ 
events  .**23  uro  and  timing  of  future 

.  V*  ****** ;«*„!  prohl*s  Of  the  «.  ^ 

l?  ,te  sl“  co=f-1'^  <*'  th«  ailitary  .rg*Us.iic„,  ty  the  t»- 
'  OTdoos  nahtr  of  item  beinE  MMgsd  and  bythe  extreme  volatility  of 
;  .the  deond  (caused  ly  changes  in  enety  and  own  strategist,  change,  in 
"  .quantity  and  quality  of  equipment,  etc.)24, 

■  .  ?rec*ainS  tfcc  £oll)tion  to  these  problem  is  the  decision  of  what 
v  i5t0  b2  =^xifiized*  »  can  be  stated  that  the  Department  of  Defense 
.desires  .ts'aajdiaiae  the  probability  of  victory  or  to  maximize  the  de- 

”  '  *;  'fa  v 

■  teifar.ee  of*  war,  although  such  statements  have  little  meaning -except 
****  CF* together  with  the  cost  aspects.  Before  any  important 
;  Military  decision?  on  inventory  levels  are  made,  certain  basic  assuap- 
..  *iciiS;cusi  be  made  about  the.  probability  of  war,  the  time  and  duration 
-  °f  the-  war,  and  the -probable  location  and  nature  of  the  var.‘c'* 

Objective  of  the  Kavy  Supply  Systea 

*  'r  k 

\  ?  f^rs*  step  in  the  solution  of  the  inventory  control  problem  is 
£t?t'  the  objective.  Kills  indicates  that  the  objective  cf  the  supply 
'  Bust  be  the  'Objective  of  the  Kavyj  improvement  in  the 


og.  cit.,  p.  16$ 
..  PPi  166-162; 


r  .t  /• 
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capability  of  the  2 .avy  tc  destroy  cneay  targets  in  war#*6 

«  tfe.^jbai^  af  th.  ^a' 

C«  of  tbo  essential  el«*«t.  In.fe  cavity  of  tle  ^ 
isstroy  ones,,  tar£ets  in  nar  1,  tbe  recess  of  ^  ^ 

tess  of  eq^nt  witbln  the  weapon  spate*  ^  ^  ^ 
am  caintalnabilitp  of  the  equips,,.^  lability  is  a  function  at 

**%  “*  ********  *»  *  function  of  hath  suppip  ma  aalnten^c. 
Bos,  if  la»orUat  iteno  of  e^ipeent  are  not  a-aUahl.  when 

the  ^ability  of  the  Easy  any  he  jceatly  reduced.  Availability  of 
essential  equipner.t  has  two’  assets,  i.e.,  it  aay  not  be  erailable  be¬ 
cause  of  breakdown,  cr  it  say  not  be  available  because  it  ic  located  at 
other  than  the  requiring  activity.  The  lack  cf  iaceiiate  or  extremely 
rapid  accessibility  of  ooae  iteas  of  rnlitary  equipment  or  repair  parts 
co^li  in  sose  cases  be  £3  tad  as  its  ncn-exister.ee  and  could  cause 
resequences  of  an  extremely  grave  nature.28. 


‘chelcninr  of  Su 


art  and  Factors  Affectinr  It 


The  capability  of  tfca  I*svy  could  te  improved  by  proper  echeloning 
c-  the  cater ial  inventory #  This  is  true  because  the  closer  an  item  is 
to  the  end-user,  the  less  elapsed  lice  there  is  in  filling  the  user's 
or--r«  consequently  there  is  an  increase  in  readiness.  From  the  point 
cf-viev  of  a  ship,  the  levels  of  supply  support,  proceeding  away  from 

■*  t  .  "  ' 

^he  end  user  in  tine,,  are:  on  board  support,  aobile  support,  advance 

,  *  2£H.F.  Pails,  "Let's  Cut  Cut  the  'Sales'  Talk",  Newsletter 
October  1962),  p.  8. 

^T.F.  Kills,  "what  is  the  Logic  in  Logistics",  .Newsletter 

U-eiruary  1963),  pp.  20-23. 

28 

•’hit in,  op.  cit.,  p.  173 • 


v  -.ef  tup*  crt,  Kavy  Hctail  Support  def*-  <«„  ,  , 

*  14  *  '  Jcre‘*s"  £uil‘fc  Aeency  Support,  and 

finally  iumufaeturer  supper*.2^ 

There  are  several  Interrelated  factors  in  addition  to  tie  affect- 
inS  the  level  at  which  capper  support  is  given.  The  first  two  factors 
arc  shelf-life  and  obsolescence.  The  next  factor  is  the  need  for  dis- 
psrsicn  cf  military  supplies  to  reduce  vulnerability  to  attack.  Another 
factor  is  the  usage  rate.  Generally,  the  higher  the  usage  rate  of  an 
item  the  closer  to  the  end  user  should  be  the  inventory  support.  An¬ 
other  factor  is  the  cost  of  the  item  in  inventory.  Budget  constraints 
ieprose  restrictions  cn  the  amount  of  items  that  can  be  held  ir,  inven¬ 
tory.  The  final  factor  is  the  cost  cf  depletion,  i.e.,  the  cost  of  not 
haring  an  important  item  of  equipment  available  when  needed.  If  it  were 
possible  to  develop  cost  of  depletion  and  the  probability  of  depletion 

thsn.cp+inal  inventories,  thus  increased  readiness,  could  be  developed 

« 

•:y  equating  carrying  charges  cn  the  marginal  unit  of  Inventory  of  each 

item  to  the  pr  obability  of  depletion  multiplied  by  the  cost  of  depletion.'” 

2:rt  of  Depletion 
* 

lest  cf  depletion  brings  into  the  inventory  problem  the  concept  of 

9 

military  worth  cr  value.  1.1111511  indicates  that  even  a  rough  estimate 
cf  military  w^rth  and  cost  of  depletion  would  improve  inventory  control; 


.2%lills,  "Let's  Cut  out  the  'Sales”  Talk",  o£.  cit.,  p.  10. 
Zhilin,  eg.  cit.,  p.  166. 
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•I  t 


calculate  th«  ccctc  of  det  1-tion  ,.„*w 
tv  to  known  about  the  problem  of  “f*  would  hav« 

5  resent  system  could  tJoUbS  bl  ^lltW3[  ™lw?5>  the 

‘into  ort/i  few  -Jo/cSS  SthSEEJ1?  “S""*  **— 
tached  to  depletion.  For  exar-1..  iw]<ortance  *t- 

intc  .at emeries  where  depletion  va&G^i£jhL!!!(iivided 
probability  figures  could  then  be  i“*'0rtanc** 

eajor  categories,  reflecting  to  sof  *  #^^*tfVseach  of  the#® 
degrees  of  importance.  ^introduction  of  Si!!*  va??ing 
crude  system  into  the  J.avy  would  ceSainly^nTtS^  * 
establichaer.t  of  inventory  levels  r,.ore  ^accordance  Jith 
.  'hf  s.ra.eg.c  icjortsnce  of  various  items. 31 

failure  to  do  even  this  rough  approbation  of  the  importance  of  inven- 


to^r  items  is  to  implicitly  postulate  that  all  items  in  an  inventory 
tj-extn  are  of  equal  worth  under  all  situations.32  2ecause  of  the  very 


close  connection  between  the  inventory  problem  and  the  problem  of  mili¬ 


tary  worth  or  strategic  value,  there  exists  a  need  for  a  concept  and 
measurement  cf  military  worth. 


gerearch  I  rojects  Into  the  Development  of  Military  forth  Concept 

A  major  portion  of  the  research  into  and  information  developed  on 
the  ccncejt  and  measurement  of  military  worth  in  the  development  of 
allowance  lists  has  been  by  the  Logistic  Research  Project,  George 
laskingtcn  University,  under  the  supervision  of  the  bureau  of  Supplies 
and  Accounts.  The  title  of  the  program  is  Allowance  List  Test  Program 
(AllF ) .  fast  orientation  of  moat  of  the  effort  has  been  the  problem  of 
logistics  support  for  small  independent  combatant  units  (e.g.  submarine, 
ship,  or  aircraft  squadron}*  A  complete  review  of  the  work  of  ALTF  is 
ieyend  the  scope  of  this  paper;  however,  some  of  their  conclusions  and 
their  basic  procedures  in  ths  application  cf  military  worth  measures 


31ifcid..  pp-.  1S&-18?. 

32H.  Solomon,  "The  Determination  and  Use  of  Military  Uorth  Kcasure- 
«.ts  for  Inventory  Systems",  Kaval  Rsjear^hJ.ogt sties  a2«lgla&  Vol# 


(1%0),  p.  529, 


/ 


will  be  discussed,  A  comprehensive  revi**  of  . 

or  the  projects  in  this  area 

ii  available" in  C*41  ,  ,  and  £56]  . 

"  Mcond  ttai°r  ***  thl’  t«  b«„  contorted  by  the  r«od 
.  Corfcrat-ion  to  the  de.eScpwnt  of  fjy-avey  kit,,  Jh,  priMlpll  ob_ 

je-tive  of  this  program  was  to  oaxiaiae  the  ailitajy  worth  or _ n 

tiality  of  diene  to  be  stocked  in  a  fly-eve,  kit  for  a  gives  operational 

psrir.i,  subject  to  either  a  weight  or  cube  constraint. &  The  military 

essentiality  of  the  item  was  based  on  the  relative  importance  and  affect 

■  .  ,  *- 

•cf  a  shortage  of  a  particular  part  on  the  mission  of  the  aircraft.  A 
.  questionnaire  .approach  was  employed  to  obtain  the  Inforaaticn  cr.  mili¬ 
tary  worth.  The  Rand  questionnaire  asked  the  affect  of  a  part  shortage 
cr.  the  mission  cf  the  alr^aft.  Psychometric  scaling  techniques  were 
used  tc  combine  the  judgment  of  several  experienced  maintenance  ran  to 
categorize  spare  parts  according  to  their  essentiality.  The  numerical 
v  value  cf  essentiality  thus  derived  was  combined  with  expected  demand  of 
an  item  by  a  multiplicative  function-  and  with  weight  to  develop  the 
quantities  of  the  items  to  be  contained  in  the  kit.  For  a  more  detailed 


description  of  Rand‘s  procedure  in  developing  the  fly-away  kit  see£3?| 
i:d  ^53^  •  The  same  procedure  developed  here  can  be  used  in  the  con¬ 
struction  of  other  supply  tables  for  spare  parts  such  as  these  prepared 
f-cr  vehicles.*^  •  * 


third  project  is  being  conducted  by  Clark,.  Cooper,  Fie^d  ar.d  *  ohl. 


Incorporated,  under  the  direction  of  the  Bureau  of  Supplies  ar.i  «c-o-nts. 
It  is  entitled  Military  Essentiality  Through  Readiness  Indices  sr.i  will 


3’lbida,  p.  530. 

3%.A.  Geisler  and  H.W. 
Spare  Farts”,  Operations 


Karr  "The  Design  of  Ililitar 
research.  Vol.  4  (1956).  FP* 


.  P..»^  •*  ^ 

431-442. 


ables 


s*  i-f:uss?d  in  a  ?UCCeedinc  ch**Ur-  P-asically  rSTRI  relates  readi- 
to  th‘  flcct  with  lts  suM,ortinC  items  in  simulated  fora  to  provide 
ii.jcrt.::it  decision-making  information  on  problems  of  militaiy  essen¬ 
tiality  and  readiness.  The  ultimate  objective  is  to  get  intelligence 
regard  the  readiness  of  force  units  at  any  one  time,  how  readiness 
eight  be  improved,  and  the  extent  that  individual  components  effect 
readiness.  While  not  the  ultimate,  KSTRI  is  a  significant  step,  forward 
is  the  development  of  the  military  worth  concept. 

i 

latere  cf  Her  air  Parts  Demand. 

Initial  investigation  by  ALTF  into  the  nature  of  repair  parts  demand 
vs?  an  attempt  to  find  a  meaningful  operational  variable  to  which  usage 
rates  could  be  related.  It  was  found  that  the  operational  variable* 

t  • 

1  ***. 

used  ve.r.,  hours  underlay,  engine  miles  steamed,  etc.)  could  net  be 

?t  <j4 

Urrifirantly  related  to  usage/'*  Indications  are  that  the  ope*- 
atienal  variables  used  were  too  gross.  Additional  studies  showed  that 
ac_ar.z  for  individual  items  aboard  ship  was  extremely  lev  and  sporadic, 
that  there  was  practically  no  commonality  cf  usage  between  individual 


l'r..  Sc lemon,  ~  ?«=r.ar?  of  the  Logistics  Research  Project?  s 
lx:  crier.v?  with  Problems  of  Demand  Prediction.  Hepox-t  Serial  T-139, 
.Icpistics  hesearch  Project,  George  Washington  University,  195*),  p.  > 

Concerning  the  relationship  of  operation  variables  to  usage, 
leis-ler  in QQ  points  out  that  demand  for  parts  is  r.ot  proportional 
to  the  activity  level,  but  rather  varies  according  to  seme  proofs 
distribution.  These  probability  distributions  have  the  general 
haracteristic  that  the  lower  the  average  deman  for  the 
rrester  is  the  relative  variability  cf  demand.  There* ore,  -**e 

-bjective  is  to  achieve  maximum  supply  support  from  a  £*v®n  ^  ^ 
ir.vsr«t cry,  it  takes  proportionately  more  units  cf  a  par.  -* 
r-ver.  amount  of  protection  against  excessive  demands  a.  i^era^i^gs 
ieasd  rates  than  it  does  at  higher  demand  rates.  For  a  b.-ef^«x 

Vacation  of  the  more  commonly  xtf ed  probability  i 


******  1,1  terffiS  of  actuaI  items  uscd»  that  the  same  ship  in  different 
tir-e  periods  experienced  demands  for  different  items,  and  finally  that 
ajjrrcxinately  75  percent  of  the  items  in  the  population  (i.e  ,  installed 

w 

and  deoaed  ^able)  were  not  demand  at  all  over  a  four  year  period.37 
rased  on  these  results,  it  seensd  that  the  situation  was  one  of  uncer¬ 
tainty,  as  distinct  free  risk  where  some  probability  distribution  war 

38  • 

be  assumed.  Given  the  observed  high  degree  of  uncertainty  of  demand, 

in  particular  the  highly  sporadic  nature  of  demand,  how  to  handle  or 

central  this  condition  for  stocking  policies  was  considered  to  be  the 

39 

cast  important  pr-blest.  Because  of  this  observed  nature  of  demand, 
it  was  concluded  that  the  decision  as  to  the  range  of  items  to  be  stocked 
should  receive  greater  emphasis  than  the  determination  of  the  depth  of 
each  item  to  be  stocked.  First  consideration  should  then  be  given  to 
determining  the  range  of  items  which  are  necessary  for  the  operation 
of  a  mission.**  This  led  directly  to  the  study  of  military  worth, 
eveioraent  cf  Military  Essentiality  Cedes 


The  approach  used  by  ALTP  to  develop  military  worth  measures  was 
tc  ask  questions  on  two  levels,  each  representing  a  separate  questionnaire 

3\.H,  Karlov.,  "Some  Accomplishments  of  Logistics  Research' .  Hava* 
research  logistics  Quarterly*  Vol.  7  (I960),  p.  306. 

3%olcacn,  'The  Determination  and  Use  of  Military  forth.... "op.- 
p.  530. 

•^CcloRcn,  Report  Serial  T-I39*  ££»  SQ'*  F*  6. 

^Solomon,  "The  Determination  and  Use  of  Military  ’  orth...."  og. 

UFcr  an  excellent  preservation  cn  the  development 
sr*d  their  use  in  developing  military  worth  measures  f  P*  P3- 


^  qUC3ti0nr‘aire'  Call6d  th°  ^W.,.rotential  Question,  was 

*  1CaniirC  the  effeCt  °f  a  r.heitage  on  the  ccponjt  in 
«hich  it  it-  installed  and  was  answered  by  tedmical  personnel.  The 

jeccnd  questionnaire,  called  the  Mission  Effect  Questiomaire,  was  used 

U  determine  the  worth  oflhe  component  to  the  mission  of  the  ship  and 

fcSs  answered  by  command  personnel.  The  worth  of  a'spare  paxt,  then,  is 

a  function  cf  its  importance  to  the  parent  component  and,  in  turn,  the 

ispcrtance  of  that  component  to  the  ship.*  mission.42  The  values  were 

kept  in  the  ordinal  scale  and  stocking  policies  developed  on  these 

ordinal  values  cr  military  essentiality  codes43  The  objective  was  to 

:_axir.ire  the  endurance  of  a  ship,  i.e.,  the  capability  for  sustained 

operation  independent  of  logistical  support  other  than  by  underway  re— 

r-  # 

plenishment  or  ether  routine  ways  which  do  not  interfere  with  the  ship's 
ability  to  carry  out  an  assigned  mission.44  Similarly  the  objective 
cculd  be  considered  as  taxi  mi  zing  the  vessel's  effectiveness  for  carry* 
me  cut  a  mission  while  being  completely  independent  of  all  external 
logistics  support. 

12  _ 

dOloacc,  “The  Determination . ",  op.'  cat . 

4^bid.,  p.  531.  Solomon -makes  an  important  observation  in  the 
evaluation  of  the  inventory  model  and  procedure  using  ordinal  measure. 
He  states  that  the  evaluation  is  highly  sensitive  to  the  manner  in 
which  "worth"  information  is  treated.  For  example,  if  arbitrary 
numerical  values  are  employed,  the  evaluation  of  a  model  will  be 
strongly  dependent  on  these  numerical  values.  With  different  nu¬ 
merical  values,  a  particular  inventory  policy  may  appear  better  or 
verse  than  another.  Ke  continues  by  stating  that  an  ordinal  system 
cf  worth  measurement  presents  difficulties  in  the  process  of  model 
evaluation.  For  example,  there  remains  the  question  as  to  bov  many 
wcw-werth  shortages  are  equivalent  to  a  moderately  high-woith  shortage. 

..  -  ‘trm 


jeiults  cf  tho  Kilitary  Essentially  4S 

r;:reC-  ?i€nifiCant  r€Sults  develoi*d  from  the  studies  cn  military  "  " 
essentiality  by  ALTP.  The  first  was  a  verification  of  the  point  that 

not  all  items  are  of  equal  importance  or  have  the  same. military  worth. 

For  exasf  le,  an  evaluation  of  the  Folaris  submarine  USS  George  Washing., 
ten. revealed  the  fact  that  only  15  per  cent  of  the  equipment  and  cat- 
penents  were  evaluated  as  having  relatively  high. essentiality  and  only 
.11  per  cent  of  the  repair  parts  were  in  the  ssme  category.46  Other 
studies  indicate  similar  results,  i.e.,  the  over -all  average  of  repair 
parts  falling  into  the  lower  worth  categories  was  66  per  cent.47  A 
second  result  was  that  something  specific  can  be  dene  concerning  aili- 
taxy  worth  and  that  it  need  not  resain  as  one  of  the  intangibles,  in 
military  inventory  problems. 

The  third  result  was  that  the  Chief  of  T^vel  Operations,  recognizing 
the  practical  applications  of  this  method,  directed  fleet  wide  implemen¬ 
tation  of  the  Military  Essentiality  Coding  (EEC)  program  in  Noveaber  1962. 
SJdpcCsafcidecision-aakers  will  utilise  EEC  to  determine  the  priority  of 
preventative  schedules,  to  determine  the  priority  of  planned 

overhaul  work  requests,  to''wtaiu*te  casualty  reporting,  to  evaluate  repair 

**'For  specific  studies  and  results  on  the  application  of  military 
essentiality  coding  to  various  combat  units  see  the  references  indicated 
beside  the  units  as  follows:  Ships  Fl83  ;  Polaris  submarines  J_19|  , 

Gt3  »  D£3>  0*1*3#  C63]  »  and  aircraft  £ly  . 

i£V..T.  Meyers,  "Military  Essentiality  Coding”,  he.-sletter  (September 
1963},  p,  9. 

47K.  Denicoff,  et  al.,  "Simmzy  of  a  Method  For  Determining  the 
Military  Vorth  of  Spare  Parts”,  Kaval  Research  Loristics  -.uar^erj^, 

Vci*  7  (I960),  p.  234. 
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Ui:«*  requests  .^8.  •  .  •  \ 
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•  The  techniques  developed  through  the  military  worth  studies, 
with  gradual  improvement  of  the  method  of  measuring  military  worth, 
will  find  many  future  applications  in  the  military  decision-making 
process.  Frcsent  techniques  can  be  applied  to  system-stocking  and 
echeloning  of  supply  policies/  to  the  provisioning  or  initial  procure 
cent  of  parts  policies p  and  to*  determine  the  preference  ranking  of 
•  equipoisnts  for  the  schedules  maintenance  of  Allowance  Farts  Lists  on 
.the?*  equipments.  These  are  tut  a  few  of  the  possible  future  appli¬ 
cations.  With  the  development  of  K5TLI,  as  we  shall  see  in  the 
succeeding  chapter,  even  mere  significant  possifcilites  are  developed. 


l®Keyers,  sp.  city,  p.  10. 
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CH/tiTKi  VII 


KY  hi£.K.TiALlTj  Tli..ci;OH  ItilAOlUEf. C  IuDICIE:;  (l-IKTIil) 


THE  PROBLEM 

Cr.e  of  the  major  problea  areas  in  tlieJJavy  today  ir:  )nck  of  an 
adequate  readiness  measure  and  a  report! nr. .and  evaluation  nyctcm  of 
vsapen  system  readiness*  Tliis  lack  of  an  adequate  readinocc  aeaaure 
has  caused  decisions  to  be  made  on  funding  aspects  which  effect  the 
support  of  weapons  systems  without  an  av.areness  of,  iwlerctruKiing  of, 
cr  a  means  of,  deterging  the  ultimate  affects  of  such  actions.  Ad¬ 
ditionally,  because  there  ir  no  rigorous,  objective  method  for  indicating 
vesper,  systems  readiness,  decisions  on  determining  ship  or  other  ue.*tj<on 
t.. stems  overhaul  schedules  or  deterining  when  to  strike  a  Ship  from  the 

activ®  list  is  less  than  optimal.  Judgements  of  perforc-ar.ee  are  cade 
*  * 

as  to  effects  cn  icnediate  problems  rather  than  against  over-all  h'avy- 
vice  standards  of  readiness  requirements . 


READ  B3S5 

Xavai  readiness  is  the  total  product  of  iiaval  logistics,  thus  de¬ 
pends  cr.  integration  of  ratters  of:  personnel,  material  supply,  avail - 
thirty,  obsolescence,  and  deterioration  as  tnese  are  defined  in  tr.eir 
tread  ccnnctatioa.2  At  the  core  of  I.aval  readiness  is  naval  ship  .^di¬ 
nes*,  ship  readiness  car.  be  defined  as  tnat  q-a— V  or  state  >•  a  ..-tval 

*.  'Material  Management  Study  Oroup,  l>»teria>  Manarerent  »**&* 

7-->  I  ,!  Department  of  i‘avy,  ?• 

2-M.  Hamilton,  v»^ial  Headiness,  report  lerUi  T^S 
-^iistics  r.esearcn  Reject,  George  rakrlngtor,  . .  ^  " 

:;*s. 


ih4  vkcraty  it  it  prepay  for  »  or  action  of  ary  kind  *Mdl 
icvCc;  in  ««r,  or  preparatory  to,  or  trainins  for  war  at  any  tine  ,3 

OBSOLESCENCE  AMD  DETEhICaATIOJ 
Cf  the  five  factors  affecting  Laval  readiness,  two  require 
sciitional  explanation*  Cbscleccer.ce  is  defined  as  the  departure  in 
iCSi-'n  capabilities  of  a  ship  or  other  vea ;  cr.  system  as  it  exists  at 
«v  ^^•E*e  from  the  best  which  could  be  on  hand  with  full  exploitation 
cf  the  state  of  the  art.  Measurement  of  obsolescence  is  the  means  of 
telling  what  a  ship  is  capable  of  doing  if  there  is  no  deterioration. 
Cstericratior.  is  defined  as  the  departure  of  the  material  in  a  ship  or 
ether  weapon  systes  free:  the  brand  new  state  or  design  capabilities  and 
is  a  measure  of  reliability  for  future  utilisation.*  Reliability  is  the 
probability  of  a  system  or  equipment  operating  without  failure  for  a  re¬ 
quired  critical  tine.  Measurement  of  deterioration  is  the  means  of  tell- 
aT*^  now  well  a  ship  may  be  expected  to  perform  within  its  designed  limi¬ 
tations.  Obsolescence  is  fought  by  local  maintenance  and  by  overhaul.^ 

'  hills  has  further  described  the  state  of  deterioration  as  follows: 

As  material  (repair  parts,  provisions,  fuel,  etc.)  is  coe- 
sumed-(fails,  wears  out,  is  used,  etc)-  it  is  replaced. 

Durinr  the  time  it  takes  to  rer.ia.ee  the  failed  or  used 
itea,~the  ship  is  in  a  degraded  state.  The  degree-  of 
degradation  depends  upon  (1)  the  time  to  repair,  a  main¬ 
tenance  problem,  and  (2)  the  time  to  provide  the  replacement, 
a  supply  problem." 


3lbid*.  p.  2. 

‘  / 

4Ibid..  p.  139. 

hor  an  informative  Study  en  obsolescence 
?*Ution  to  material  readiness  and  its  efiect  on  military  essentiality 

^H.F.  Kills,  "Military  Essentiality",  Newsletter,  March  1963,  F*  1* 


»  11  *  *“*  *=*•*“>«<■■>  or  routivo  ,..wisl  ^,.„„  • 

*“*  “  S”kinf"  tol'*' rOT  «•  *«— t  .-ill  bo  «i  W  „„ 

ccsiition  of  the  ship. 

CL.iRENT  HLTHOD  OF  KEA$URfc.G  MATERIAL  HEADINESS 
The  current  ir.easurer.ent  of  the  material  readiness  of  ships,  on 
vUcfc  various  decisiens  are  made  as  to  mission  assist  and  overhaul 
schedules,  is  based  cn  two  documental  active  sources  or  information, 
tee  is  the  IKSUKV  report,  which  is  a  report  of  an  inspection  by  the 
rcard  of  Inspection  and  Survey  at  approximately  two  year  interval*. 

The  inspection  determines  the  ship's. physical  deterioration.  The  second 
source  document  is  the  Casualty  Report  and  is  a  report  of  material 
failures  occur ir.p  aboard  ship.  It  is  submitted  on  an  "as  occurring" 

i 

basis  «r.i  serves  as  a  guide  to  the  ship’s  physical  condition  between 
liwteV  inspections .  Both  of  these  reports  serve  only  as  rough  approx¬ 
imations  of  ships  readiness. 


A  KE.  «£  FHCACH 

The  material  readir.es-for-war  of  a  ship  is  a  function  of  its 
physical  condition,  its  status  as  to  provisions,  stores,  and  ammunition, 

of  the  completeness  of  its  allowance  list  of  repair  parts  and  of  its 

7 

personnel.  Ship  readiness  being  a  function  of  these  variables  then  a 
measure  or  index  of  readiness  could  be  developed,  if  a  method  represen¬ 
tation  or  model  could  be  devised  to  express  the  relationship  or  connection 
to  the  ship  a3  a  whole.  This  measure  would  reflect  the  readiness  of  the 

"^Logistics  Research  Project,  George  Vashington  University ,  furvey 
£f.  Ccrrand  Logistics  Problems  (Report  Serial  T-161,  1 ?•  20» 


*ss«r.tiju.  e^n-enis  making  up  the 

'  V  P  le-  .  ih*  *«*«  would-  ir.corj  orate 

YariaU“'  ***  *»*  «-  -t.ri.1  readiness-for-wup 

*  ,-,  ship  1»  sc,  — ««.  «**.  ft  vould  also  ftcorporat,  «, 

lOlitar*  essentiality  of  a  unit  of  consideration  <«  ♦- 

V  5  “ration  in  teras  of  the  effect 

.file  failure  on  .  purtlculur  Ossion.*  *  ,fIrKch  to  *,  a„eloj^ 
oP.sush  an  index  of  materia  reudiu.ee  vMch  reflects  the  rJ^sica  eon- 
iiticn.  of  the  ship  has  teen  developed  *  dark.  Cooper,  Field  and  kohl, 
ineworated,  under  the  roidanc,  of  the  Eureau  of  Supplie,  and  Accents. 
Se  hethed  is  oalled  Kilitatj-  Esser.ti.litj  Through  R.Oin.ts  IndieiM. 
ft  isfa  progr«  for  relating  reudiaeee  of  the  fleet  with  it.  supporting 
ittexin -sfisulsted  fora  to  provide  inportant  deeisioo-r«king  infOnsstien 
•cn.yrohieas  of  military  essentiality  and  readiness.  The  ultimate  ob- 
yect^ve  is-  to  get  intelligence  regarding  the  readiness  of  force  units 
at  any  one  time,  how  readiness  right  be  i^roved,  and  the  extent  that 
isdividual  components  affect  readiness.10 


KETECD 


-  ylark,et  .at*  briefly  describe  their  method  as  follows: 


XETRI  involves  the  construction  of  an  engineering  model  that 
functionally  describes  the  operation  of  a  force  unit  such  as 
a  ship.  The  model  is  nothing  more  than  a  vector  chart,  or 
►-  series  qf  charts,  that  shows  how  each  item  in  a  force  unit 
contributes  to 'its  overall  mission,  llien  the  rodel  is  com- 
-vpieted,  it  'is  converted  into  a  series  of  equations  which  are 
then  put  into  a  computer  where  they  produce  or  simulate  oper¬ 
ation  of  the  force  unit.  In  this  way,  the  effect  of  each  in¬ 
dividual  item  in  the  force  unit  can  be  traced  in  a  system-wide 


ibid'. 

*  ,  "i  ■  * 

901ark,  Cooper,  Field  and  Uihl  Incorporated,  KETRI  Interim 
dcr.  3oetaw?ht  (iff  July  1963)» 


fashion,  liow  a  unit  affects  other  units  and  the  force  unit 
as  a  whole  can  be  determined.  Various  combinations  of  item 
performance  or  failure  of  one  or  more- to  perform  can  be  traced 
as  tested.  The  circulated  model  of.  the  force  unit  will  repro¬ 
duce  in  a  short  j  criod  of  tic*  experience  that  would  take  many 
years  of  conventional  operation.^- 

* 

t  A  STEP  PtHKABD 

e  concept  is  an  ©ut-grwth  of  earlier  work  on  material 

,=c~  tiality  done  by  the  logistics  Research  Project,  George  Washington 
and  represents  an  additional  step,  forward.  The  development 
0f  the  concept  was  <^ne  principally  aboard  the  USE  Erownson.  A  core 
specific  explanation  if  the  PETRI  as  it  applied  to  ship  follows. 

THE  HIERARCHT  STRICTURE 

‘  k  ship  can  have  one  mission  or  nore  th*ft  one  mission,  seme  or  all 
0I  -.rich  ray  W  or  a-conttote  nature*  The  readiness  or  the  ship 
to  jsrfcm  its  mission  enn  t.  related  to  the  various  sob-system  eotio* 
as  a  total  system.  The  sub-systems  can  in  turn  he  broken  d«n  into 
mm.  and  so  rorth.  deomdihS  the  ship's  hierarch.,  a  level  ^  *  M 
toil!  the  individual  hits  and  pieces  ere  reached.  Id  this  mooer  pmt. 

.  ’  „  v«  related  tc  cdssion  perrowusce  throush  .  structumd 

performance  can  be  relatea  va  ^  .. 

set  cr  iderarchical  runctional  relntionships »  Since  each  ate* 
hierarch*.  sUrtin*  at  the  tep,  depends  open  the  perlcroance  cl  i 
'  ,  -,e  -ext  leer  level,  the  entire  ship  structure  can  he  reduced  in 

_  Readiness  to  perrons  a  mission  can, 

teth  Chart  fora  and  aathematicall}  • 


nIbid.,  p.  2.  . 

' -  .  factors  of  the  missions 

^For  dcvelopsent  of  the  vexS 
-ulti-rissicn  ship  see£.51J  • 

££.  eit.,  Y'  2* 


for  a 


U  W“”8“1  *  *  relfitionskij  ttet  links  it*:., 

y:  ts  sdsslcn  throvj.  tl*  l:.>.,-rv-:.t„c  11,4  ttmctcre,11' 

THE  KCDEL 

At  the  heart  of  the  2301  concept  is  a  sophisticated  type  of 
engineering  model.  The  model  realistically  shows  how  ell  it**.-,  in  a 
syyte:;.  are  inter- related  and  how  rash  affects  the  total  system.  The 
nK>l  -c  developed  from  a  charting  system  Jjj  symbolic  fora  which  .or- 
tr.'.y:  accurately  the  functional  relationships  of  all  the  jarts  that  go 
•t  make  thv  *  ot.il  system.  The  building  blocks  of  this,  charting  system 
are  three  kinds  of  structures,  embracing  six  classes  of  relationships. 
The  three  t;  t of  structures  are  Delta,  "V",  and  "V,  while  the  classes 
iC  relationships  are  supplements,  con;  lements,  alternatives,  sequences, 
;:;r=initer,  and  collaterals.  Additionally,  there  are  tern*  underlying 
axi:a:  :>r '  a  r- rumptiens •  ^  This-  fur.cticnal  model  of  the  ship  developed 
t'.jrchrh  charting  is  then  expressed  ir.  ratl.e.-.atical  fora.  The  formulas 
s:<?  then  computerised  to  provide  a  wide  range  of  infestation  regarding 
r?  and  rate  rial  essentiality.  ith  the  computerized  ncdel,  Sim¬ 

ula  v-i  readiness  under  varying  operating  conditions  can  be  done  making 
it  ;  t:  title  to  predict  events  and  conditions,  so  that  corrective  courses 
:f  a :t ' on  car.  be  planned.  The  measurement  of  material  essentiality  is 
ate;:  plithed  by  varying  the  state  of  readiness  of  the  inputs  and  deter- 
:  ir.'.r.,;  affect  on  the  total  readiness  of  the  chip;  therefore  in  this  case 
*”-:.Uaiity  of  an  item  is  the  degree  to  which  it  affects  overall 

‘‘"'Hark,  etal.,  C£.  c it . ,  p.  ’* 

l5r  _  structures,  relationships. 

Ter  further  explanations  o?  » 

l'.i  h>.i omc  see  Q.?*3  • 
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COnVer*ely'  *•  *■  ™  totrt  Of  ,SMntiu 

■••CVid'd  *  CO"r°nentS  “*  <*•  %’«  If.  Thug,  „*  cWlj. 

*"“  that  euentiality  cm  not  b.  conoid.^  wlthcut  ^ 

°"t>  "*  "«“««•  CM  not  t*  oonoidorod  witho.t  Ukta, 

into  icoount  contrilutlon.  of  .oborttnat,  ltau iuSio,„ 

ooaourcthon  bocctto  „  of  a  percent**  of  d.sliMd  -r^^7 

fcr  *  specific  operating  condition  and  in  relation  to  »  8p.cifi#d 
mission. 


ABSOLUTE  VS.  RELATIVE  READINESS 

KLTRI  can  measure  the  affects  of  four  of  the  factors  contributing 
to  readiness,  but  it  can  not  measure  obsolescence.  Additionally,  KETRX 
cnly  measures  relative  readiness,  and  absolute  readiness.  C3*?k,  at 
al.  make  the  following  statement  concerning  this  important  aspect  of 
readiness: 

Readiness  has  two  critical  aspects,  namely,  absolute  readiness 
and  relative  readiness.  Absolute  readiness  deals  with  strategy 
and  combat  command.  It  pertains  to  overall  strength  and  how 
that  strength  compares  with  possible  combinations  of  eneay 
strength.  Relative  readiness  deals  with  the  strength  of  a 
given  force  system.  It  is  the  percentage  of  full  design  or 
other  designated  capability  that  a  force  has  at  a  specific 
;  time.  It  Is  largely  a  matter  pertaining  to  such  factors  as 

■  the  condition  of  eauipoent,'  staffing  of  force  units,  and 

adequacy  of  funds.# ' 

i 

i 

* 

,  i 

|  FURTHER  APPLICATIONS 

!  * 
This  ccncept  cr  technique  for  relating  readiness  of  a  ship  with 

its  supporting  sub-systems  to  determine  vital  information  both  on 

rb&diness  of  the  ship  and  on  essentiality  of  supply  items  can  be  further 

efcsl'.,  o£,  cit„,  pe  69* 

#Ibid».  p,  70 . 


i^leaented  up  in  the  heirarchy  to  include  entire  force  units.  Even  *; ... 
at  its  present  stage  of  development  KETRI  can  provide  a  wealth  of  Jc- 
icnration  t©  assist  in  planning  and  budgeting  and  in  conand  and  logis¬ 
tical  decisions.  Kith  further  development  it  will  enable  naval  ccm- 
sanders  to  determine  how  ready  a  force  unit  is  to  meet  a  given  missionj 
point  out  the  best  way  to  bring  a  force  unit  up  to  a  given  state  of 
readiness,  and  will  show  in  rank  order  the  essentiality  of  supply  items 
needed  to  do  this.  -The  budgereers  will  be  furnished  with  information 
relating  readiness  to  various  levels  of  funding.  Maintenance  personnel 
will  receive  intelligence  regarding  the  trade-off  of  reliability  and 
inventory  back-up.  Ship  designers  will  gain  valuable  insights  into 
the  functional  operations  of  force  units  and  hew  they  relate  to  one 
another  in  carrying  out  a  mission.  *  7 

Because  of  its  sophistication  and  complexity,  further  extension 
of  KSXRI  above  the  ship  level  will  be  costly.  Also,  keeping  charts 
current  will  present  a  tremendous  problem.  K5TRI  is  being  extended  to 
all  destroyers  of  Destroyer  Squadron  32.  Also,  METRI  is  being  dove¬ 
tailed  with  the  Standard  Navy  Maintenance  Management  System  (SNMKS)  to 
the  greatest  extent  possible}  however,  KET8I  is  primarily  an  information 
.  system  to  provide  data  regarding  material  essentiality  and  its  affect 
on  readiness  while  SNMtS  is  a  program  to  raise  the  level  of  ship’* 
readiness  through  maintenance  actions. 


CURRENT  STATUS  0>’  METRI 

>  The  METRI  project  has  now  been  designated  Project  Nuatoer  HT-F 
C15-01  under  the  cognisance  of  the  Bureau  of  Supplies  and  Accounts. 


It 


^Clark,  et  al.,  £g.  £it.,  P*  1* 

19Por  additional  applications  of  KLTRI  D3 »  r?*  93’95* 


is  divided  into  nine  sub-projects  entitled  *a  follows:  Complete  USS 
Ellison  Model,  Investigate  Application  of  KETRI  Model  to  Inventory 
Systems,  Investigate  Application  of  KETRI  Model  to  Operational  Readiness 
gyst era.  Investigate  Application  of  KETRI  to  Maintenance  Systeae, 
Investigate  Application  of  METRI  Model  to. Personnel  Systems,  Investi¬ 
gate  Application  of  KETRI  Model  to  Budgeting  Systems,  Investigate 
Application  of  KETRI  Model  to  Design  Systems,  Evaluate  Extension  of 
KiTRl  Model  to  All  Forces  Afloat,  and  Evaluate  Integrated  Systems*  Tbs 
first  eight  subprojects  are  concerned  with  the  actual  modeling  of  ships. 
The  first  subproject  is  concerned  with  the  actual  modeling  of  a  proto¬ 
type  ship.  The  eighth  listed  subproject  examines  the  feasibility  and 
cest  of  modeling  all  ships.  The  second  through  the  seventh  are  con¬ 
cerned  with  the  various  applications  of  the  ship  models.  In  these, 
each  application  is  investigated  independently  as  though  the  models  were 
to  be  applied  to  it  alone.  The  last  subproject  listed  will  examine 
systems  which  consider  all  applications  simultaneously.  In  addition 
to  these  applications  it  is  believed  that  the  basic  KETRI  concept  can 
:e  applied  to  some  Joint  Chief  of  Staff  and  Department  of  Defense  type 
problems  such  as  readiness  reporting,  and  in  such  a  way  as  to  provide 
a  conceptually  taiform  system  throughout  the  Military  Establishment. 

Several  phases  of  each  of  the  subprojects  have  been  completed  and 
the  prospects  for  further  applications  are  very  promising.  The  ultim¬ 
ate  object  of  the  project  will  be  the  specification  of  »thods  and  sys¬ 
tems  which  will  improve  decisions  in  nary  areas,  including  operations, 
maintenance*  personnel,  supply,  design  and  budgeting. 


chapter  VUI 
SUKMART  AMD  CCKCUJSICKS 


Th*  -Uitary  decision-maker  of  tod*  i.  ftced  **  ^  ^ 
decision*  and  problems  requiring  specific  solution*.  The  military 
ccxplexitie.  of  the  problem  hare  superimposed  upon  the*  economic, 
political,  moral,  social,  and  technological  complexities.  The  sheer 
sise  of  the  problems  and  the  extreme  national  importance  of  making 
correct  military  decisions  can  net  be  overemphasised,  „  they  .* 
affect  our  safety  and  very  survival  as  indcviduals  and  as  a  nation. 
Static  considerations  are  complex  enough,  but  when  tine  and  the  un¬ 
certainty  of  future  events  are  introduced  as  another  element  of  the 
problem  it  becomes  even  more  complex,  in  many  cases  this  uncertainty 
is  not  a  simple  case  of  risk  and  an  associated  probability,  but  con¬ 
sists  of  true  uncertainties  of  outcomes  of  various  decisions  and  of 
actions  and  reactions  of  the  ene*. 

The  general  nature  of  the  problem  facing-  the  military  decision¬ 
maker  is  that  he  has  certain  fixed  resources  which,  according  to  the 
state  of  technological  development,  may  be  combined  to  give  certain 
alternatives  by  which  he  can  reach  his  stated  objective  or  mission. 
These  alternatives  may  either  be  infeasible,  feasible,  efficient  or 
optimal.  If  he  wishes  to  accomplish  the  objective  by  the  minimum  use 
of  resources  then  he  would  wish  to  choose  the  optimal  alternative  or 
optical  combination  of  alternatives. 

The  consideration  of  all  the  variables  and  possible  alternatives 
‘ani  the  weighing  of  their  significance  en  the  problem  at  hand  in  order 
*o  arrive  at  an  optir-el  decision  is  beyond  the  ability  of  the  human 
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These  problems  must  be  reduced  to  arable  proportico,  «* 
feasible  course,  of  action  found,  which  may  only  be  sub-cptia*  and 
subject  to  effect,  of  spillover,  and  their  attendant  error  possible 
Uies.  Although  in  the  past  oaqy  of  the  decision,  were  made  solely 
or.  intuitive  judgment,  the  development  of  modern  tools  and  technique, 
of  managerial  analysis  and  decision-caking  enable  these  intuitive 
judgaents  to  be  altered  or  strengthened  by  a  acre  structured  approach. 
Intuition  and  judgement  are  being  supplemented  with  systematisation 
and  substantiation  through  investigations  of  measurable  quantities 
that  can  either  support,  extend  or  contradict  the  intuitive  judgement. 
These  structured  approaches  to  military  decisions  and  problems  consist 
mainly  of  the  scientific  method  and  economic  analysis. 

There  cannot  be  any  valid'  presumption  regarding  the  universal  and 
uniform  applicability  of  the  scientific  method  and  economic  analysis 
in  the  field  of  military  decision-making;  however,  these  techniques 
provide  useful  and  valuable  means  of  structuring  the  decision  making 
process  until  some  more  suitable  method  is  developed.  Structuring 
the  decision  process  and  quantifying  those  variables  that  can  be 
quantified  with  reasonable  accuracy,  will  provide  additional  insight 
into  the  problems  of  the  military  decision-maker  and  provide  models  of 
the  system  which  will  be  core  descriptive  and  predictive,  and  will  lead 
to  more  rational  and  consiatant  decisions.  In  making  rational  decisions, 
the  aspect  of  military  worth,  cost,  quality  and  time  must  be  weighted 
and  integrated  into  the  analysis  of  alternatives. 

Because  there  is  no  unique  correct  solution  to  military  decision 
problem,  tfc.  pre.eut  ,ttt.  of  t»  *rt,  the  .tructurrf  «tbod. 

«e  «V  «  Id  ia  thi.  prow*.  ^  »»*■  »  *‘or  c0,:=0° 


and  sound  experienced  judgment.  The  military  decision-maker  «u3t  not 
loose  eight  of  the  importance  of  the  factor*  or  variables  that  remain 
unmeasured  and  the  assumptions  that  lie  behind  the  quantification  of 
the  measured  variable*.  He  oust  continue  to  examine  ways  of  improving 
his  choice  of  payoff*  and  his  criteria  of  judging  the  relative  merits 
of  alternatives.  He  must  keep  abreast  of  the  advancements  in  the 
science*  of  economics,  mathematics,  statistics,  and  electronic  data 
processing  which  have  resulted  in  the  development  of  theories  and 
technique*  that  have  special  application  in  the  solution  of  complex 
problems  peculiar  to  modern  military  management  in  all  of  ita  rami¬ 
fication*. 

At  the  heart  of  the  structured  method  is  the  selection  and  mea¬ 
surement  of  suitable  criteria*  Criteria  are  tests  by  which  one  al¬ 
ternative  output  or  system  is  chosen  over  another.  Criteria  may  also 
be  defined  as  the  practical  counterparts  or  approximate  indicators  of, 
dr  substitutes  for,  the  function  which  the  decision-maker  would  like 
to  maximize  in  choosing  alternative  courses  of  action.  In  de¬ 

veloping  criteria  the  decision-maker  is  trying  to  develop  scales  of 
effectiveness. 

Criteria  may  take  many  forms.  A  criterion  may  be  factual  or  value 
or  a  combination  of  both.  The  aim  is  the  answering  of  the  right  ques¬ 
tion  and  the  selection  of  an  optimal  solution.  In  many  cases  appli-  . 
cation  of  a  criterion  may  result  in  selection  of  an  efficient  system, 
relying  on  the  intuitive  judgements  of  s  well-informed  decision-oak  r 
to  select  one  of  the  efficient  systems  in  the  neigborhood  of  the  op¬ 
timum. 

or  •  o»ropri.»cr,t.rioo  i.  .  ««-»*  ****** 


W^g^orW,  the  business  entrepreneur  has  selected  the  object!,. 

Pr°flt-  **  ««**o  measure  the  eccc^Ueh^t 

pf  this  objective  i.  dollar, .  The  market  spstea  ani  it, 

Pricins  structure  provide.  .  ere.t  deal  oi  free  inforeatlon  «pr.,Md 
in  the  ccnson  denominator  of  dollars.  The  rdlltarj  dreJaioneeher  ha. 
a,  his  objective  victor,  in  ear.  but  he  has  no  co^rebl,  „cl»i*  at 
his  disposal  with  a  convenient  c  canon  denominator  of  dollar^,  to  measure 
alternative  methods  in  obtaining  this  objective.  It  is  difficult  to 
express  value  of  different  weapons  systems  for  completing  some  sissies*. 
Kany  weapons  systems  have  not  yet  been  tried.  In  any  event,  decisions 
oust  be  made  on  the  basis  of  some  idea  of  the  relative  importance  of 
the  various  objectives.  The  appropriate  criterion  would  be  military 
worth  or  military  value.  In  years  past  little  effort  was  made  to 
quantify  military  worth,  but  developments  in  utility  theory  and  prob¬ 
ability  theory,  improvement  of  measurement  techniques,  and  development 
in  mathematical  formulations  have  given  added  emphasis  to  the  possible 
quantification  of  subjective  data.  Much  of  this -work  is  still  in  the 
initial  stages  of  being  transformed  into  a  practical  tool  for  military 
decision-caking. 

If  we  are  going  to  measure  military  worth,  values  or  utilities, 
a  scale  must  be  devised  to  represent  these  values  so  that  various  com¬ 
parisons  and  mathematical  manipulations  can  be  made  with  these  values. 
Measurement  scales  may  be  selected  by  comparing  the  analytical  demand 
to  be'  made  upon  T*o  Important  analytical  futures  of  a  scale  ere 

its  operational  character  and  its  descriptive  power  or  information  pro¬ 
ved  by  the  scale  values.  Three  basic  types  of  scales  sUrting  with 

tie  tt*  laaab  a»^“l  "*  n“^‘ 


and  cardinal,  which  may  further  be  subdivided  into  interval  and  ratio 
scales*  The  use  of  one  scale  rather  than  another  is  determined  by  the 
problem  to  be  approached  and  the  analytical  potential  required,  and  not 
by  the  method  used  as  a  basis  for  constructing  the  scale. 

Military  worth  may  be  conceived  as  a  subdivision  of  the  more  gen¬ 
eral  field  worth  and  value.  Presently  there  is  no  universally  ap¬ 

plicable  definition  of  military  worth.  It  greatly  depends  on  the 
level  of  command  at  which  it  is  being  used,  the  context  of  the  problem, 
or  the  criteria  used  to  measure  it.  At  the  national  level  it  may  be  de¬ 
fined  in  terms  of  contribution  to  winning  or  deterring  some  Und  of  war. 

At  the  level  of  the  individual  military  decision-maker,  it  mty  be  de- 

* 

scribed  as  his  preference  for,  or  amount  of  satisfaction  he  receives 
from,  having  a  certain  military  entity  (the  concept  of  utility 
theory),  h'hile  the  terms  military  worth  and  military  value  are  used 
in  cany  cases  interchangeably,  they  are  two  separate  concepts. 

The  concept  of  military  value  may  be  related  to  -ne  phenomenon  of 
choice.  Military  value  say  be  defined  as  that  which  determines  choice. 
£y  defining  military  value  in  this  manner,  a  quality  of  the  individual 
rather  than  an  inherent  quality  in  an  pbject  or  entity  is  being  sought. 
The  aspect  "of  the  military  value  dimension  which  describes  the  in^’vi- 

r 

duals  disposition  towards  an  object  may  be  called  preference.  An  im¬ 
portant  fact  to  focus  upon  is  that  preference  determines  choice  and  not 
the  site  of  the  number  chosen  to  represent  preference.  Habit,  custom, 
ailitary  experience,  training,  tastes  and  preference  may  all 
sidered  important  influences  on  the  choice  of  a  military  decision-maker. 
Analytical! y  it  is  at  present  convenient  to  aggregate  all  factors  con¬ 
tributing  to  the  choice  decision  of  on  individual  decioion-nak*-  into 


the  single  concept  of  military  value, 

Ihe  concept  of  military  worth  nay  be  related  to  that  quality  or 
sun  of  qualities  of  an  entity  rendering  it  essential,  valuable,  or 
useful*  Military  worth  then  nay  be  understood  to  nean  'physical  util* 
ity  of  various  alternatives.  Military  value  is  related  to  military 
worth  in  that  value  is  the  estimated  or  assessed  worth,  usefulness, 
or  essentiality  an  individual  places  upon  an  entity.  Military  value 
judgements  nay  be  arbitrary,  and  in  a  sense  conventions  of  the  tine 
and  place,  but  are  mainly  based  on  the  military  worth  and  irqwted  in* 
portance  of  an  alternative. 

The  ideas  of  military  worth  and  military  value  have  proven  diffi¬ 
cult  to  formalise  because  they  are  not  absolute,  because  they  have  not 
yielded  to  a  single  scale  of  measure,  because  of  countless  possibilities 
cf  exchange  or  trade-off  in  measures  cf  value  which  vary  with  circum¬ 
stances,  and  because  it  has  not  been  possible  in  most  cases  to  disso¬ 
ciate  moral  ana  social  value  from  material  values.  The  development  of 
a  suitable  procedure  to  measure  military  worth  or  value  would  be  a  sig¬ 
nificant  step  forward  in  the  evaluation  of  alternatives  and  in  improved 
decision-making.  In  approaching  this  problem  of  formalisation  and  mea¬ 
surement  of  military  value  or  worth  two  basic  questions  must  be  answered 
Kho  (in  the  case’  of  value)  or  what  (in  the  case  of  worth)  should  be  mea¬ 
sured?  Hew  should  value  and  worth  be  measured  and  in  relation 
•.  The  answer  to  the  question  of  who  is  to  be  measured  in  the  measure- 
sent' of  military  value  depends  on  the  problem  being  considered.  How  to 
measure  'military  value  or  preference  W  be  approached  *  two  aspects, 
introspection  and  behaviorism*  The  introspection  method  uses  verbal 
responses  of  individual*  involved  to  certain  questions  to  /  p 
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silivi^'  value  scales.  Eetaviorisa  measures  military  value  by  certain 
acticr-s  of  the  individual,  such  as  presenting  an  individual  with  an 
terror  of  objects  or  entities  to  choose  fro*. 

A  third  methodology,  formalized  by  VonNeuaann  and  Korgenstern, 
cai^ea  Gating  Theory ,  nay  be  used  to  develop  weak  interval  scales  of 
siiit  ury  value.  To  understand  this  method,  it  oust  be  realised  that 
there  are  three  choice  contexts  as  follows:  (1)  certainty  where  the 
cutccnfi  of  a  choice  is  known,  (2)  risk,  where  a  given  choice  duplies 
several  possible  outcomes,  each  associated  with  a  known  probability 
distribution,  and  (3)  uncertainty.  where  the  fern  of  the  probability 
distribution  is  unknown.  The  Game  Theory  methodology  develops  nilitary 
value  scales  which  are  generalised  such  that  they  would  indicate  the 
choice  of  an  individual  under  conditions  of  risk.  The  basic  assumption 
behind  the  generalization  is  that  for  each  person  there  exist  numerical 
constraints,  called  utilities,  associated  with  the  various  possible 
CU  vCCS^S  of  his  actions,  given  the  external  events  not  under  his  con¬ 
trol.  The  Game  Theory  scales  make  no  statement  concerning  the  Jndi- 
ideals  feelings  toward  an  object.  Kather,  they  assume  certain 
rsticnal  consistencies  in  his  behavior,  namely  that  he  seeks  to  maxlais* 
his  ejected  utility  or  military  value  and  the  ability  to  represent 

behavior  through  the  use  of  choice  scales. 

There  are  various  approaches  and  methods  that  are  used  in  aeasar- 

lr.S  rilitery  worth  d.,«>dinc  <*  the  problem  ^  «•  •*>“<•  " 
on  and  operational  char.ct.ri.  tic#  the  neaec:  e  neat  proeid 
C£4i-.  we  mu*  answer  the  opiMtiom  Shat  to  Manor.  «sd  how  to  »o«OTr. 

the  selected  criterion  or  criteria?  tot"*  t”° 

elss*at.s#  cciat  and  offactivaneaa  £or  c'iritty? »  at*  coneid  red 

<n  : 


iVa;wliC(-  on  dU»tt,.  Effectiveness  rsy  be  physics!  Miut7 

ccet.in.tion  of  Physicl  uUUties,  ,uch  „  ^ecte.  km,  t.r£et  " 
cirocticn,  etc.  If  multiple  criteri.  or,  used  to  evalutte  effective, 
ness,  then  generally  sera  weighted  ftctor  will  hey,  to  be  usljnej  to 
«ct,  to  derive  cver-sll  effectiveness.  The  gral  is  to  nr.<-.<~  th. 
jhysical  utility  within  the  constraints  of  the  problem  or  system.  Ke 
K<  are  tr^  to  optimize  military  effectiveness,  but  this  is  ob¬ 
viously  a  subjective  idea  rather  than  an  objective,  physical,  secured 
utility.  This  method  substitutes  seise  set  of  physical  measurable  util¬ 
ities  which  it  is  hoped  represents  a  true  element  of  effectiveness. 

The  measure  should  reflect  scae  fundamental  attribute,  the  more  bi  sic 
the  better,  since  otherwise  an  essential  index  could  hardly  be 
to  result. 

Using  the  structured  method  and  the  measurement  techniques  dis¬ 
cussed  above,  military  value  and  military  worth  may  be  quantified.  By 
thus  caking  these  subjective  concepts  objective,  they  can  be  predic¬ 
tive,  descriptive  or  optimized.  At  least  trends  can  be  seen  and  mea¬ 
sured  to  determine  if  we  are  moving  in  the  right  direction.  These  nu¬ 
merical  measures  can  be  manipulated  by  mathematical  use  of  systematic 
methods  for  calculating  the  effects  of  several  variables,  brining  ex- 
pitctly  to  light  assumptions  underlying  the  analysis,  and  providing,  in- 
sights  into  th.  proble*.  Insi£hts  give  clrarer  perception  of  the  trade¬ 
offs  cade  in  weapons  decisices,  rid  elicit  recognition  of  these  trade¬ 
offs  in  sctusl  pc-ogras.  visions  ray  provid.  sutsUntUl  benefit.  in 
terra  of  ire;  roving  the  allocation  of  nstionsl  defense  resources. 

It  rast  be  kept  in  rind.  »»ev.r.  thst  rilitary  wertb  or  vrio. 
eviration  and  raasurerant  is  highly  sensitive  to  the  ranner  in  which 
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-rtr.  or  value  information  is  treated  if 

ir  a™itr»iy  numerical  value* 
ar«  U»  «v*luation  of  .  „„Jcl  use„  „  ^  ^  ^ 

*11  to  strongly  decent  0„  thos,  nonorfo.l  ,*!«..  mh 
iilferor.t  nonarioa!  .  frUculor  .Hcativ.  My  tffw  utUr 

or  tors,  than  anothar.  For  .**ple,  if  M  ordlntl  ^ 

is  cool  It  wool!  to  difficult  to  deteraine  how  nary  low-worth  cntitt., 
are  equivalent  to  a  high-worth  entity.  This  is  the  problem  of  aggre¬ 
gation  of  micro-military  values  to  obtain  macro-militaiy  values  with 
tr.e  >*ry  complicated  interfaces  and  interrelationships  in  and  among 
various  alternatives.  For  these  reasons,  and  in  order  to  assess  the 
usefulness  of  military  worth  or  value  scales,  the  decision-maker  must 
te  aware  of  the  significance  of  the  numerical  measures  being  used  to 
up resent  militaiy  worth  or  value  and  the  assumptions  that  were  made  in 
the  development  of  the  seals*  giving  rise  to  these  numerical  measures. 
Generally,  no  absolute  value  .of  military  worth  prevails  or  is  discern¬ 
ible  at  this  time,  only  a  relative  value  developed  as  entities  are 
brought  into  comparison  with  cne  another,  which  means  that  only  trends 
arc  measurable  at  this  time. 


Interest  in  tlie  military  worth  and  value  concept  has  been  shar¬ 
pened  through  ths  emergence  of  appropriate  analytical  tools  in  desi¬ 
st;  with  military  worth,  through  the  identification  of  problems  which 
submit,  with  rsalism,  to  formal  mathematical  treatment,  and  through 
*-;.e  growing  awareness  of  its  importance.  Some  general  military  decision 
proolems  which  may  effectively  use  military  worth  measures  in  their 
solution  are  the  evaluation  and  selection  of  weapons  sy6.<ms,  mill  ary 
oimuoto,  And  control  oj-stoo.  Cn.ro’l/,  Ml  «■*«•  «’ 

quitod  dn  tfc...  probl.no  1.  to  ton*  the  vorlooo  alternAtiveo  bp  mUiUiy 
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val *.<?  or  sdlitary  worth.  The  military  vortn  or  value  of  these  alter¬ 
native*  could  be  evaluated  by  the  methods  previously  discussed:  how¬ 
ever  an  additional,  aspect  in  measuring  military  worth  and  value  is  seen 
in  a  method  suggested  by  Peck  and  Scherer.* 

Feck  ha?  proposed  the  construction  of  a  military  worth  function 
based  on  a  comparison  of  the  quality  of  one  nation's  weapon  systems 
relative  to  the  quality  of  its  rival’s  systems.  This  is  based  on  tba 
ccr.cept  that  the  military  value  of  a  weapon  system  depends  upon  the 
quality  of  counterpart  weapons  possessed  by  the  enemy,  and  brings  into 
-lay  the  factor  of  obsolescence.  Obsolescence  is  defined  as  the  depar¬ 
ture  in  design  capabilities  of  a  weapon  system  as  it  exists  at  any  time 
frcm  the  best  which  could  be  on  hand  with  full  exploitation  of  the  state 
of  the  art.  To  accomplish  the  ranking  of  weapons  it  is  necessary  to 
fcrmulate  a  military  worth  function  reflecting  this  relativity  notion 
in  conjunction  with  corresponding  possibility  curves  of  time,  cost  and 
quality  associated  with  each  weapon  system.  Peck  accomplishes  this 
thresh  a  parity  function  'from  which  military  worth  may  be  measured, 
to  tki.  rdlitary  .orth  is  broadly  o.fto.d  to  tor*,  of  the  oertri- 
fcotion  a  weapon  spate.  Oakes  to  the  natotenance  of  peece  or  p 
edition  of  warfare.  V.apons  ejfsten.  can  now  be  rented  on  e  pri 
Uider  according  to  their  net  oilitar,  worth  to  obtetoed  fron  the  ptoit, 

function. 

In  addition  to  these  general  actions.  oiUttop  worth  ««nre 

■  ,  ,  .  logistics  prohlens  .Mb  to  to  the 

may  be  effectively  used  in  & 

x  FrocegS* 

lJ.K.  Peck  and  F.H.  f  ^?re^r^V'?IveMity  Pre^T^62^* 

An  Scon oalc  Analysis  (boston. 
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-* - *- .  '■  *  ”  *  — •  is:  :v\,-; 

^  . »:i.wu.., 

*•.;  in  inventory  central. 

:.:t  :.as  proved  very  fruitful  «;a  l;.  at  ,,  ,, 

plication  in  the  area  of  inventor  »•.*«♦»•..«  »:a.1(M.sl! 

wr:r.  cr  value  in  thi*  area  h.  called  Milt.,,  u,u,  at|>,  u 

aefined  “ 

i,;  "lati°n  t0  ^  M,ooU<1||i 
.-elation  to  the  reading  of  «  unit  . . .ltd,  ,u 

A  significant  feature  of  U,r  t.,  •!,« 

tstailii-lB.ent  is  its  very  close  «'<>u*,r<  1 !•.<•  »|,B  , 

•erth  or  strategic  value.  m«  i,oj>j  }„  i.,  i 

'“S”  current  strategic  plan  airl  h*»  j  —  * s.*l t.  u,r.  feacii.jjjt y  ..j  t„i 

uncertain  strategic  pl&nsj  tl.**f  ic.h  ajj  j  *  r.iw  o»c  >.f  c*j>.ai  j, 
pirtv.ee  or  have  the  sac*  all  It.-.ry  worth.  The  *.i  p..,  c  ij.«,  .... 
„vit.ve  or  clitlir.  w.ii  *leter.  I/.-*  W.**./  .cj  *».  Vt,..*  c ,  i  .ma  n.s  t  •  *  !&. 
apparent  that  rilitary  worth  «n  ley#*.**.*.  •••■*■  ~x  :• 


.irec/sntt  'ietemlnatloj., 


•  T:e  complexity  or  •'*?  «C  <»i  *'  /A  »4 

*  a  *  *  e  e f  *  *  te  **v  .  1  *■  ^  */«»  '  *•*  *  t  **•<*•' 

ir. ijy  tar.  se  ra.te#  *.e.“t«h*  -  •'  ••'•- i  *'’••*' 

is:.*.  prttitJ.lt/  of  «*r  **£  v*  *•:»»  «  *:**s':'*r  '•■’  'A  **' 

.  me  tijent. ret  sunt  vt  tttVel  •  Th*  'vv..»«  •••  ■'*  *11'”  ' 
ifites  v.  ixtrvre  tte  tatt-.; . :  V  *•*  *••■*  "  ”**"“'* 
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V'-'-  m  w.  In  teu  t«*  .•««:**«  *•*  ‘vt~" 


;  v  '-t  ' 


.  5  I  *  V 


Ctvks.. 


,cze  I*-**  of  fldliUry  «^Pnent  or  repair  parts  could  in  80»»‘ cases  be 

*  «?iott?  49  it8  ft3nexi9tencc  "*  cause  consequences  of  an  ex- 
ire^ly  crave  nature.  This  cost  of  depletion  aust  be  carefully  MOyMd# 

?cr  this  reason,  the  hicher  the  military  essentiality  of  an  item  the 

:;cser  to  the  end-user  should  be  the  inventory  support.  Thus  one  factor 

:c  be  considered  in  the  echeloning  of  supplies  certainly  should  be  military 

essentiality  of  the  items.  The  capability  of  the  Navy  could  be  lay  roved 

by  proper  echeloning  of  the  material  inventory.  This  is  true  because 

the  eloser  an  item  is  to  the  end-user,  the  less  elapsed  time  there,  is 

in  filling  the  user*  t  order,  consequently'  there  is  an  increase  in  readi- 


The  introduction  of  even  a  crude  military  essentiality  systeo  into 


the  supply  system  should  certainly  lead  to  the  establishment  of  inven- 


tcry  levels  more  in  accordance  with  the  strategic  importance  of  various 
items.  Goods  night  be  divided  into  categories  where  depletion  was  of 
vital  importance,  of  moderate  importance,  and  of  little  importance. 
Ircta'sility  figures  could  then  be  assigned  to  each  of  these  major  cat* 
egcries,  expressing  to  soae  extent  these  varying  degrees  of  i-cportance. 
Failure  to  do  even  this  rough  approximation  of  the  importance  of  in- 
ver.tcjy  items  is  to  implicitly  postulate  that  all  items  in  an  inventory  . 
system  are  of  equal  worth  or  essentiality  under  all -situations. 

The  basic  approach  in  developing  the  military  essentia-i-y  of  re 
J*ir  parts  has  been  through  the  use  of  a  questionnaire  and  psychometric 
scaling  techniques  to  quantify  the  answers  to  the  qu.sticnnaire 
questionnaires  are  directed  at  two  levels,  at  the  cwraand  level  to  de-  ^ 
ter=ine  tie  effect  of  an  equipment  loss  on  the  mission  o.  the  unit, 

;  U  the  cainten&nce  level  to  determine  the  effect  of  a  part  failure  on 


/ 


of  th.  .quip«nt.  This  approach  to  atockibg  ropsir  p,rt, 

USri  *5"nU*1U'  «  .boot  bacauaa  th.  a*.  f<w 

ir.iivi4«X  rapair  part,  was  «traMljf  «,  .^lc,  ^  ^ 

*“  t"***0*  “  ««o»Utp  of  usage  botvaan  lodlrtOuai  uoit,  in 
tanss  of  actual  it«aa  usad,  a*  bacausa  „c  dlract  ralatlooshi,  UUa«, 
cperational  a^blas,  soch  a.  staasiog  boor,  or  f^icg  boors.  «k!  da- 
uasd  rate  could  be  determined. 

The  use  of  the  niiitary  essentiality  techniques  has  proven  highly 
successful,  particularly  in  developing  allowance  lists  for  Polaris  sub- 
narix.es.  In  addition,  military  essentiality  aboard  ship  can  be  used 
to  determine  the  priority  of  preventative  maintenance  schedules,  to 
-etemine  the  priority  of  planned  overhaul  work  requests,  to  evaluate 
casualty  reporting,  to  evaluate  repair  parts  readiness,  to  improve 
allowance  lists  and  to  provide  improved  budget  requests.  It  demon¬ 
strates  that  something  specific  can  be  done  concerning  military  worth 
ar.d  that  it  need  not  recain  as  one  of  the  intangibles  in  military  pro¬ 
blems,  particularly  in  inventory  control. 

A  logical  extension  of  military  essentiality  coding  is  the  devel¬ 
opment  of  the  project  KSTRI  (Military  Essentiality  Through  Readiness 
Indiciea).  Basically,  ME!?. I  relates  readiness  of  the  fleet  with  its 
supporting  items  ty  an  engineering  model  in  simulated  form  to  provide 
important  decision-making  information  on  problems  of  military  essen¬ 
tiality  and  readiness.  The  ultimate  objective  is  to  get  intelligence 
regarding  the  readiness  of  force  units  at  any  one  time,  hew  readiness 
eight  be  improved,  and  the  extent  to  which  individual  components  affect 
readiness.  HEIRI  will  enable  naval  commanders  to  determine  how  ready  t 
force  unit  is  to  meet  a  given  mission,  point  out  the  best  way  to  bring 
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cigners  will  gain  valuable  insights  into  ♦»,  w  P  «  - 
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xezs  such  as  readiness  reporting.  ard  in  v 

and  in  such  a  way  as  to  provide  a 
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pr°bl“-  Fi^'  *«  1  provid.  information  on  ot.o- 

eXi'>U  *  n'«i  t0  “«“••  f.  »i.tio uHj>  of  <*.  «,pal 
SiSt“  to  othor  vaapon.  „*  te  to  tb, 

”"**•  weapons  systems.  KLTRI  does  not  provide  this  and  the  use  of 
criteria  is  too  limited,  since  it  leaves  out  of  account  the 
military  worth  of  alternative  defense  schemes.  Calculating  military 
value  on  a  parity  basis  over  time  leads  to  the  important  conclusion 
that  the  United  States  must  be  prepared  for  the  wsrst  at  all  times  by 
naving  a  diversified  inventory  of  weapons  as  technically  advanced  a* 
possible *  ’ 

There  still  retains  the  continuing  task  of  clarification  of  the 
biliary  wisth  concept  as  well  as  the  derivation  and  application  of 
^lihsry-^iorth  measurement.  It  was  the  intent  of  this  review  to  bring 
*°g*th«r  in  cae  source  some  of  the  currant  developments  in  the  concept 

♦  •  I 


0 i  -JuiU*7  «orth  and  to  show  the  nanv  and 

7  ***  varici  applications  that  can 

V,  ad.  of  r.fliUr/  worth  ««um.  Vhil,  the  military  worth  problM 

is  oosplox,  thi.  ie  «t  leeet  MUhed  try  the  importance  of  Ootaj  sea- 
trin£  specific  about  the  problea. 
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UJ?LI!*  CF  ,  5  H7CT-:  1)  ./*  W  c/  ^CISU.  ,  I;;Q 
The  following  outline  is  •*.  str  ctured  method  of  doling  with  ie- 
bn  problem.  The  detail  and  extent  to  which  a  decision  maker  will 
to  fto  into  each  step  of  the  procedure  will  depend  on  the  problem 
Z  considered,  c;.  the  time  v/r. liable  for  its  consideration  and  solu- 

|#  and  cn  t:'*c  T' rsonnel  available  to  the  decision*  s%ker.  The 

trended  procedure  is: 

'To  clearly  ?.:id  lc13ic.ll;.-  state  00J,  chives  with  a  d  script  ion  of  the 
..apt  ior.s  on  which  they  :re  ;--.s«d, 

i 

|To  become  aware  cf  the  problem. 

To  make  1  precise  statement  of  the  problem  and  the  assumptions  ».de. 
To  establish  a  Solution  criterion  or  a  m.asure.  er.l  of  success. 

To  collect  pertinent  d-.la  relevant  to  t.  e  problem  by 

1.  experimental  Methods, 

2.  Observational  h-'thods,  nd/or 

3.  Statistic-- 1  ..«thods, 

"c  sort  and  anal.. r.e  tie  d  ta  so  ••.3  t,  produce  a  h.  rcth’sis,  w»  ich 
j:  died  a  model.  The  model  as?  be  of  the  following  types: 

1.  rhysieal  ilodel^ 

2.  Quantitative  -odei* 

J.  Qualitative  ..o-iel* 

usefulne  -s.  of  the  model  is  determined  by  its  benefit  and  not  reces- 
ly  by  its  exact  represent -tior.  cf  tie  roil  world. 

To  formulate  a  solution  to  t  e  hypothesis  by  tr  ail  5  tl  e  model  >r. 
jdicting  results  in  various  cirr-stancs  r/»  v.a;.  r  rlcus  raters. 
To  surve'*  .alternative  solutions. 
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.  To  ,«UlS  controls  or  -  ;r3  of  ,..lu,,or> 

.  To  toi  the  h^oth.-sls  vith  cu^-vi  -  -  ,, 

"•  M  •  '*•  t.*3t  of  th«  hyjxli.a- 

•r  be  c ;  ct^-d  nt  tore*  ievala: 

1*  3°®B,cn  Sn;:s-  W^i-Trial  und  "rror 

2.  2afiric.il  j-r/oi-SUtisUcal  Data 

'•  3el«-U««  -^l-^i-rWutSu.  ^  wrw^tta,. 
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.  To  Wtiblish  controls  nr.d  f^dhacltc  for  solution  or 
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:2tf.jlnos5  of  tr.is  tool. 

J.  ..13'1'J.l  ?GcL3. 

1.  r^r :  ,r.  »_  !,t.  r-ai-er.3  ;s.  ..  p^0"53  **  *'"'•*  liir'Z  ds5isic'ns  t0  r*' 

,,-r...^.t  t  «d  o,,  fixitSUHl*.,  life  ot  «**«*. 
*«9tis»t"S  of  action  by  ccuptition, 

2.  Sclevtific  Xuver.tory  .tnil'/sle. 

,,,.^  ■■:*!;, rls.  71, i.  1*  »  Useful  tool  in  p-oductior.-nw. ««**, 

. or  in  oowi^rtrr,  mtb.  m««-  r“  ;-cst  proai* 

r.s.t  tx'orle  of  this  techrime  is  l'--RT. 

Tnfor.--.ticn  Theoro. 

■*3*  .  ,  »  ,*  t-  tr-j  -nd  ocor.oaics, 

*  .  r-  a  cr/lb^  UHtlor.  of  li.-SM'!-1’  y 

5.  gec:  o-.etrlcs.  -file,  is  *  ccuj~-"~ 

.  .  _  «cona«ic  fer.alysi«  t’ecn'* 

utility  theory,-  r^rgin  u.  "ISiu*'-  *  w  " 

r.inM.  It  i,  «  ou-.ntititi« 

e.  w^tiu 


P,  Itf  P  !’  **  •  . 


F’Ctor 

1.  Protection  Level  (H.) 


,1,  iJLlit  -.ry  Essentiality  («-;) 


•  v.k  luATyria 


Paste  Kansureasnt 


<,  ,fs:-re  '-'Sti::.-t«S  (UP) 


L;  port  unities  For  Usage  (ot?) 


1.  Probability  of  the  loss  of 

a  specified  unit  of  the  task 
force  or  ship* 

2.  Xeusur*  vent  of  relative  la- 
port  <nce  of  enon  kind  of 

r-at  -ri  -1  h--.s  or.  aission  liai- 
t  -tion  due  to  non-ivailabil- 
ity  of  the  item. 

j.  Expected  r.ur-ber  of  expendi¬ 
tures  for  each  kin  .  of  :ua- 
t'.rial  per  unit  per  unit- 
£d.33icn  tiae  period. 

L.  P.uaber  cf  units  in  task 

force  for  w«ich  material  re- 
nd  •■ossJ.bie  rites  of 

usage. 


ercected  Requirements  *  FL  X  r£  X  US  X  CU 
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